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1. INTRODUCTION 



1.1 PURPOSE 

This technicil document U intended to assist 
school facilities maintenance personnel. State 
offlcials. and other interested persons in the 
selection, design, and operation of radon 
reduction systems in schools. School officials 
should work in oonjunaion with a person 
experienced in radon mitigatiOA, preferably in 
schools, to diagnose the problem and determine 
which mitigation options are feasible. School 
offlcials can contaa their Sute Radon Office or 
EPA Regional Office tot guidance on selecting 
a qualified radon mitigation contraaor. (See 
Appendix C) 

The guidance conuined in this document is 
based largely on research conducted in 1987 and 
1988 in schools located in Maryland and 
Virginia. In these initial efforts, researchers 
from the U.S. Environmenul Protection Agency 
(EPA) adapted radon reduaion techniques 
proven successful in residential housing and 
installed them in eight schools. Results indicate 
that radon mitigation and diagnostic techniques 
developed for houses can be applied successfully 
in these schools. The applicability of these 
mitigation approaches to other schools will 
depend on the unique characteristics of each 
school. 

Becavje school design, oonstrualon, and 
operation patterns vary considerably, it is not 
always possible to recommend ttaodanft' 
corrective actions that apply to all schooli 
Costs for radon reduction wUl alio be school 
specific and will depend oa the initial radon 
level, the extent of the radon problem in the 
school. Uie school design and construction, the 
design <ind opciidM of the heating, venUlating. 
and air-coadltioiiiig (HVAC) tystem, and the 
ability of the school Bainrcnance penonnel to 
participate io the dlefnaiii and oUtiption of 
the radon problev. With the guidance of an 
experienced radon mitiptor, maintenance 
personnel may be a>le to install radon reduaion 
systems themselves. 

This technical document covers background 
information on radon and radon mitiption 



. experience, imporunt school building 
characteristics relative to radon entiy and 
mitiption, problem analysis, radon diagnostic 
testing, and radon mitiption system design and 
installaUoa. Appendices include technical 
information, case studies of the Maryland and 
Virginia schoob mitigated, and lists of State 
Radon Offices and EPA Regional Radiation 
Program Offices. 

It is important to undersund that this is 
prelioiiiaiy guidance. A major research 
program <s under way in the Air and Energy 
Engineering Research Laboratory in EPA's 
Office of Research and Development, and 
pittance on recommended radon reduction 
actions for schools will be updated as soon as 
possible. 



U ADDmONAL SOURCES OF 
INFORMATION 

The publications listed below are available from 
Sute Radon Offices or firom EPA Regional 
Offices. (See Appendix C) 

PUBLICATIONS ON RAPnN F N SCHQQt S 

For guidance on how to measure radon levels in 
schools, you should consult 'Radon 
Measurements in Schools • An Interim Report' 
(EPAS2IV149410). 

OTHER PUBLICATIONS QN RAnnN 

EPA has been studying the effectiveness of 
various methods of reducing radon 
concentrations in houses. Although this work is 
not yet complete, considerable progress has 
been made over the last several years, and a 
number of EPA publications have been issued. 
A poenl euBiliarity with these publications on 
radon reduction ia houses will be useful in 
undeistanding and reducing elevated radon 
levels in school buildinp 

"A atiaea's Ouide to Radon: What It Is And 
What To Do About It' (EPA OPA-86-004) 
provides pneral background information for the 
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homeowner on radoo and its asiodated health 
risks. It shouM be noted that this guide is 
being updated, aad the next edition should be 
available in niid-199a 

'Radon Reduction Methods: A Homeowner's 
Guide' (Second and Third Editions) 

and OPA-89-010) describe in 
general terms the v-arlous radon reduction 
methods available to homeownen. 

'Radon Reduction Techniques for Deuched 
Houses: Technical Guidance' (Second Edition) 
(EPA/625/5>d7/019) is a reference manual 
providing information on the sources of radon 
and its health effects as well as deuiled 
guidance on the selection, design, installation, 
and operation of radon reduction systems. 

'Application of Radon Reduction Methods' 
(EPA/625/S-88A)24) supplements the second 
edition of the technical manual (above) as a 
decision guidance document directing the user 
through the steps of diagnosing a radon 
problem and selecting a radon reduction 
approach. Mitigation system design, installation, 
and operation are also deuiled. 

'Rsdon Reduction in New Construction, An 
Interim Guide' (EPA OPA-«74)09) and 
'Radon-Resistant Residential New Construction' 
(EPA-€00/8<^84)87) provide information on 
radon prevention techniques for new 
construction. 



U RADON FACTS 
1.3.1 Radon Gas 

Radon is a oolorlcis, odorleis, and tasteless 
radioaaive gas whkh feaults from the decay of 
uranium. Siaoa maiton oocun naturally in 
small quantitki ii mm focki and soU, radon is 
continually retamtd Into soU fM, underground 
water, and outdoor air. Radon is chemiaUy 
inert, and it moves dreely without combtnlng 
with other materials. In outdoor air the radon 
emitted from the soil is quickly dttut«d to vei>' 
low concentrations. However, relatively high 
concentrations of radon can aecvmulate inside 
buUdings if radon-containing soil gas infiltrates 



into the building through openings such as 
CTUlB. building joints, and utility penetrations. 
Normal building ventilation may dilute the 
incoming radon gas, but depending on the soil 
gas radon levtls and the amount of soil gas 
entiy, the ndon oonce; .ration in the building 
oy accumulate to high levels. Since radon 
source stiengths vary and radon entiy routes are 
so unpredlcuble. testing each building is the 
only practical way to determine the extent of 
the problenL 

EPA currentl)- recommends taking action to 
reduce radon levels in homes where the annual 
average concentration of radon exceeds 4 
picoeurles per liter (pCi/L). (As a comparison, 
average outdoor radon concentrations tend to 
range ftom about 0.1 to 0.2 pCi/L ) The greater 
the reduction in ndon. the greaiei the 
reduction in health risk. Consequently, an 
effort should be made to reduce radon levels in 
all buildinp as fir below 4 pCl/L as possible. 
It should also be noted that the 1988 Indoor 
Radon Abatement Aa esublishes as a national 
long-term goal that the air within buildings be 
as free of radon as the air outside of the 
buildinp. 

1.3.2 HwUtl Efffftt 

Radon dUfers from most other carcinogens in 
that human epidemiological evidence links 
radon to lung cancer, and this evidence is wnll 
supported by laboratory studies and 
eacperimental research. Although uncertainties 
remain and ooniiderable research is continuing; 
in this field, the health risks of radon have been 
clearly recognized by the National Academy of 
Scienoes, the U. S. Public Health Service, and 
EPA. 

Lung cancer is the only health risk which 
significant data clearly associate with radon. 
Radon gas decays into other radioactive 
eiemenis (often referred to as radon decay 
productt or radon progeny) which can lodge in 
the lunfk Bombardment of sensitive lung tissue 
by alpha radiation released from the decay 
producu cu increase the risk of luirg cancer. U 
is eatiauted that radon causes roughly 20.000 
lung canoeit each year in the United Sutes. 
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It should be efflpbisized th£( estimates of the 
number of lung cuoen rauiting from radon 
vary widely, but ewn the lowest atlmate 
represenu the \Mt§M cause of lung cancer for 
non-smokers. Not eveiyoiie exposed to elevated 
levels of radon wiU develop lung cancer. 
However, most scientists believe that children 



are at an equal or greater risk from exposure to 
radon than aduiu and that smokers are at a 
greater risk from exposure to radon than 
nonsmoken. There is also consensus among 
sdentistt that the risk of developing lung cancer 
increases as the concentration and length of 
exposure increase. 



2. RADON MITIGATION 



Since 1984. wbea elevated levels of indoor 
radon were dlsooveied ia the Reading Pron| 
area of Pennsyivasia, miay thouusds of houses 
have had radon reduction systenu iasulled. In 
many areas of the United Sutea, it is not 
uncomnioa to And a contractor with house 
mitigation experience. !n fuu many states 
mainuin lisu of radon mitigation contracton. 
(See Appendix C for a list of Sute Radon 
Offices.) 

Radon mitigation experience in schools is 
relatively recent. However, initial research 
indicates that radon rcduaion technologies 
proven suoceuful in houses are applicable to 
some schools. The applicability of these 
mitigation approaches to other schools will 
depend on the unique characteristics of each 
school. 



2.1 RAOC>N ENTRY 

Radon normally enters a building from soil gas 
that is drawn in by pressure differentials 
between the soU surrounding the substructure 
and the building interior. If the building 
interior is at a lower pressure than the soil 
surrounding the substniaure and radon is 
present in the soil, the radon can be pulled in 
through cracks and openings that are in conuct 
with the soil Tlie amount of radon in a given 
classroom will depend on the level of radon in 
the underlying material, the ease with wiUch the 
radon moves as a oompooeat of the soil gas 
through the soU, the magnitude and direction of 
the pressure differentials, and tlie number and 
size of the radon eatiy rouMS. 

2.1.1 



Pressure dilBmMWi itet ooatrlbute to radon 
entry can mutt torn openUoa of an HVAC 
system under co a ditloas that cauM negative 
pressures (is the buOdiag relaiivr to the sobslab 
area), indoor/outdoor temperature differences 
(including the "Stack effect"), use of appliances 
or other mechanical devices that depressurize 
the building, and wind. 



HVAC systenu in schools and other large 
buildings vaiy considerably and tend to have a 
much greater impact on radon levels than do 
Jf"'"!*"^ *lr conditioning systems in houses. 
If the HVAC system induces a negative pressure 
in rhe building relative, to the subslab area, 
radon can be puUed into the building through 
floor and wall cracks or other openings in 
ootttaa with the soil. 

Even if the HVAC system does not contribute 
to pressure differentials in the building, thermal 
stack effects can induce localized negative 
pressure at the base of the building ausing 
radon<containiag soil gas to be pulled into the 
school As air inside the struaure is heated, it 
beoomes less dense, and rises, exiting out 
through openings la the top of the structure. 
Cooler air is dnrnn into the building to replace 
the warn air leaving at the top of the structure. 
This phenomenom, which acts much like a 
chimney, is referred to as the suck effect. 

If the HVAC system pressurizes the building, 
which is common in many systenu. it can 
prevent radon entry as long as the fan is 
running. However, school HVAC systems are 
normally set back or turned off during evenings 
and weekends, and even if the HVAC system 
pressurizes the school during operation, indoor 
radOB levels may build up during setback 
periods. Onoe the HVAC system is turned back 
on, it may take sevenU hours for radon levels to 
be adequately reduced. Adjustment of the 
setback timing may, ia some cases, achieve 
aooept&ble indoor radoa levels during periods of 
oocupaocy. Mfeasuremeats with continuous 
radoa moaitoriag equipmeat ia each classroom 
with elevated ndoa levels are necessary to 
determine the appropriate setback configuration 
in such situations. 

2.1.2 Radon Enirv Routat 

IVpical radon entry routes include cracks in the 
slabs and walls. Or. :/WaU Joints, porous 
concrete bh)ck walls, open sump pits, and 
opeaiap arouad utility penetrations. Radon 
accumulated ia crawl spaces may also enter a 
buildiag. Ia addittoa, maay schools have other 
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radon entry poinu such as slab pour joints 
(control Joints) and subsUb utility tunnels. 
These are dlscusied in more detail in Section 
4.3.LocattoB ofUriHtwf jpff 

In houses, radon problems caused by radon 
emanations from building materials or by radon 
released from radon -conuminated water 
(normally well water) occur in .'elated 
instances. We would expect few schools to 
have this type of radon problem. 



2.2 RAOON VARIATIONS WTTHiN 
SCHOOLS 

Experience has shown that there can be large 
differences between radon levels in classrooms 
on the same floor. Causes for these 
room-to*room differences are thought to include 
variations in the soil under the class rooms, 
variations in the construction between rooms, 
variations in the number and size of cracks in 
different rooms, and variations in the design and 
operation of the HVAC system. This 
room>to.room variability makes it difficult to 
detect and mitigate all the rooms with high 
radon levels unless evety classroom on or below 
ground is tested. 



2J MITIGATION TECHNIQUES 

Although the selection of the most appropriate 
radon mitigation technl<;ue depends on the 
unique characteristics of each building, five 
mitiption approaches have been common in 
house mitigation, either aloiw or in 
combination. These iodude: subslab 
depressurlzatton (SSD), subnefflbnae 
depreasurlzatioB (SMD) in «nwl sptoe aieas» 
sealing, pressuriatliMi, and natunl and 
mechanical veaiilidoa. (For additional deuils 
on these and othar altlgatloa techniques for 
houses, refer to iht technical manuals previously 
referenced.) 

These techniques and their applicability to 
schools are briefly discussed bekrn. Because 
current radon mitigation experience in schools is 
largely limited to SSD, this guidance document 
focusa on that approach. Where available. 



guidance for other techniques is also given. 
The reader should review Scaions 5 and 6 for 
more detail 

EPA feels that many of the radon reduction 
approaches for houses will be applicable to 
school mitigation, and research is in progress lo 
conduct additional testing of these techniques in 
school buildingi. It should be understood that 
in many types of schools there is little or no 
experience in ladon mitigation. Examples of 
schools that may be difficult to mitigate include: 
schools with poor wubslab permeability 
(explained under SSD); schools with subslab 
ductwork; schools with exhaust fans to increase 
fresh-air infiltration (potentially causing large 
negative pressures and increased radon entry): 
and schools construaed over crawl spaces. 

2.3.1 Subslab Deoreaturiation i&^J^) 

SSD has been the most successful and widely 
used radon reduction technique in slab-on-grade 
aiid basement houses. Installation of an SSD 
system iawim Inserting pipes through the 
concrete slab to aooess the crushed rock or soil 
beneath. A (hn is then used to suck 
radon-containing soil gas from under the slab 
through the pipes, leleasing it outdoors. SSD 
works by creatiss a negative pressure field 
under the slab relative to the building interior; 
this interior/exterior pressure relationship 
prevents radon<containing soil gas from entering 
the bttikling. 

The material under the fbuadation slab must be 
permeable enough to allow air movement under 
the slab so that adequate suction an be induced 
across the entire slab. (Subslab permeability or 
air flow is often referred to as subslab 
'communiatiott' or 'pressure field extension.') 
When subslab pressure field extension is 
inadequate, additional suction pipes may be able 
to increase the area that can be depressurized. 

Initial results indicate that SSD can successfully 
reduce radon levels In some schooU by over 90 
percent if crushed aggregate or other permeable 
material is under the slab to allow fbr adequate 
pressure field cartension. However, schools with 
poor subslab oonununication and those using 
retun-air ductimrk beneath the slab may 



r^juire an alternative mitifatlon approach to 

2.3.2 



A variation of SSD, often referred to as 
submembrane depreiiuilzatlon (SMD), has been 
very successftil in redudng radon levels in 
houses constructed over crawl spaoei A 
polyethylene or rubber membrane is laid over 
the earth floor and sealed to the crawl space 
walls and internal pien. Suction is applied to 
the soil underneath the membrane and the soil 
gas is exhausted to the outdooii EPA has not 
yet researched this method in schools; however. 
SMD may prove more didlcult in many school 
crawl spaces because of all the internal 
foundation walls, the large areas to be treated, 
and the possible presence of asbestos. 

2.3.3 SeiHnt 

The eCfeaiveness of sealing alone as a radon 
reduction technique is limited by the ability to 
identify, access, and seal major radon entry 
routes. Most buildingi have so many radon 
entry routes that sealing onfy the obvious ones 
may not result in a signiflcant degree of radon 
reduction. Complete scaling of all radon entry 
routes Is often ImpractieaL Id some buUdinci, 
certain area wiu be dlfBcult, if not impouible. 
to access and/or seal without significant expense. 
In addition, settling foundations and expanding 
floor cracks continue to open new entry routes 
and reopen old ones. IVpical initial radon 
reduaion from extensive sealing in houses is 
usually about SO percent. 



2.3.4 



ErCMUrization mrough HVi^r <:y^,.^ 

anuau — 



A potential mitigation approach for schools is 
adjustment of the air-hand!ing system to 
maintain a positive pressure in the school 
relative to the subslab area, discouraging the 
inflow of radon. This technique, referred to as 
preuuriation, has been shown to be an 
effective temporary means of reducing radon 
levete in some schools, depending on the design 
®/ *?!,W^AC system. If preuurization through 
the HVAC system is under consideration as a 
long-term radon mitiption solution in a given 
school, proper operation and maintenance of 
the system are critical Responses to changes in 
environmental conditions and any additional 
maintenance costs and energy penalties 
associated with the changes in operation of the 
HVAC system must also be carefully considered. 
Hiere may also be potential moisture and 
condensation problems if preuurization is 
implemented in very cold climates. 

InCTCMint BulidintVentn.tfnn fW^f,^.,^ 

HVAC swtetii r^m\) 

An increase in building ventilation rate, by 
opening lower-level windows, doors, and vents 
or by blowing outdoor air into the building with 
a ten, reduces radon levels by diluting indoor air 
with outdoor air and by minimiting the pressure 
diflierentials that draw radon into the buiMing. 
However, EPA's prefierred radon reduction 
strategy has been to prevent radon entiy into 
bulMlnm rather than to reduce radon levels 
once it has entered. Experieac;, has shown that 
it is usually impractiCBl to lower radon levels in 
houses much more than 50 percent through 
increased ventilation. Therefbre, in most 
climates, reducing radon levels through 
ventilation should only be considered as a 
temporary measure. 
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3. ANALYZING THE PROBLEM 



Undentandini a ichool radon problem and 
developing a mitifatioa strategy invotvea a 
careful review of all ladoo testing daia. a 
walk-through audit, and a review of relevant 
building documents. Applicable criUcal building 
components (as discussed in Section 4) should 
be examined. These include the building 
structure, the HVAC system, and the toation of 
utility lines. Special radon diagnostic tests will 
alsobeusefUL Tlwse might include continuous 
monitoring of radon levels during various 
building operating conditions, mapping of 
subslab radon, and measuring subslab 
communication and pressure (bid extension to 
determine if SSD is applicable. Diagnostic tests 
are discussed in more deuil in Seaion 5. A 
general outline of the steps invoWed follows. 

STEP 1: REVIEW EUOON TEST 
RESULTS 

Write down all radoik test results oa copies of 
the school Hoor plan so that rooms with high 
readings can be correlated. Test data should 
include type of measurement device, length of 
measurement period, HVAC operaUng 
conditions, school occupancy, and weather 
conditions during the test period. In developing 
a mitigation plan, emphasis should be on the 
confirmatory measurements rather than the 
screening measurements, as described in 'Radon 
Measuremenu in Schools • An Interim Report*. 

(See Section 1.2, Additional Snuree^ ff f 
Information.^ 



STEP 2: 



WAUC-THROUOH AUDIT 



Thoroughly exaaiiiic all pans of the building in 
contact with the soO. (lo a baseneat school, 
examine both ths taieaeat aad flist floor.) 
Note the preseMi ct posafMa radon entry 
routes such as flooiM cncfcs aad other 
openinp to the sofl aad detemiae if they 
correlate 'with aieas htviag elevated radon 
levels. 



-rEP3: 



EVALUATE HVAC SYSTEM 



Depending on the oesip and operation of the 
HVAC system, relatively strong iadoo7 pressures 



(either positive or negative) can be exerted 
during system operaUon, Where possible, 
obuin a complete description of the HVac 
system design and operation from the building 
facilities penonnel and determine if HVac 
operaUon is causing any negative pressures in 
the building reUtive to the subslab area. If the 
original school has any additions, be sure to 
note if there are different types of HVaC 
systems, as weU as structural differences between 
the additioas. In some cases, consulution with 
a qualifled Arm experienced in HVAC system 
daign may be useftal in understanding possible 
sources of HVAC depressurization. 



STEP 4: 



REVIEW BUILDING PLANS 



Study the foundation plans and specifications 
for information on aggregate or gravel beneath 
the slab, for the layout of footings and subslab 
walls that could limit subslab communication in 
an SSD system, and for the presence of subslab 
ductwork. 

STEP 5: CONSULT EXPERIENCED 
MmOATORS 

School personnel with little experience in radon 
reduaion should use experienced or ceriifled 
radon mitigation firms to gain the advantage of 
their experience and specialized knowledge of 
local problems. These firms may also be able 
to provide specialized equipment such as 
continuous radon monitors, core drills, and 
sensitive pressure gauges. Since radon 
mitigatioB ia schools is a relatively new field, it 
is probable that mitipton b many paru of the 
country will be more experienced in mitigation 
of houses than schools. 

Local and sute health departments and EPA 
regional offices maintain lisu of persons who 
have attended EPA miUption training courses. 
Several sutes have initiated programs for 
certification of radon mitigation companies, and 
several trade assodatiOBS have been offering 
nembership or educatioaal courses for 
professionals ia the flekL In 1990, EPA win 
publish a aaticaal list of mitipton who have 
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met the requiremenu ot the Radon Coniraaor 
Proflciency Pro|ram. 

STEP 6: PLAN MITIOATION 
STRATCOY 

Radon miiigaiion is not an exact science. In 
schools it is often best to ptcceed in phases: 
insull the simplest system that promises the 
biggest payback and re<test tj determine 
effeaiveness; then use this information to 
proceed with subsequent phases, as necessary. 
The phased approach should be especially 



helpftil in schools because experience is limited 
and the buUdingi tend to be more complex than 
houses. Because we often do not know all the 
radon entry routea or forces drawing radon into 
the building, the flnt phase of mitigation can 
usually provide valuable information. The 
following sections cover the critical building 
components relative to radon entiy and 
mitigation, the design and installation of SSD 
systems, and other mitigation approaches. The 
case studies in Appendix B are examples of the 
phased approach to miUgation. 
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4. CRITICAL SCHOOL BUILDING COMPONENTS 



For help in undcntaadlai the causes of elevated 
radon leveU la fcfeoob and to better desitn 
school nUtipUoB Qfitens, three buUdinf 
components are of prinaiy concern: the 
building substruciure<s), the desl|B ud 
operation of the HVAC systera(s), and the 
location of utility lines. This section discusses 
how these aspects of school baUdiafi relate to 
house miUpUon experience, bow these buUdins 
components tend to affect radon entiy in 
schools, and how they may impact mitigation 
system design and operation. 

An understanding of these critical tuilding 
coraponenu and how they relate to a spwiflc 
situation are important when designing a school 
mitigation ^fstem. 



4.1 SCHOOL SUBSTRUCTURES 

The three basic substructure types are 
slab-on-grade, basement, and crawl space. The 
majority of substructures in the school districts 
studied thus tu were slab^n-grade. Schools 
often have one or more additions, and each 
addition may have a different type of 
substniaure. 

Because of larger building and room sizes, 
schools often have interior fooUnp and subslab 
foundation elements. Hmsc may create subslab 
commnnicatlon barriers between areas. Tlie 
location of subslab barriers and their influence 
on subslab oonunuaicatfoo will depend on 
building size and oonflgsration, and on 
architectural preferencei fbr canyiag roof load. 
The locationi of Umm barrien may affea *he 
number and placeaeat of SSD soctloa points in 
a $lab<on-gFBdt or biieaeat stmoure, and 
foundation ptui, tf iviUaMe, should ahvays hi 
examined whn i Hi cttog suctiofl point loations. 
This IncreaiM tit oppoitnalty fbr aU areas with 
elevated radon lawk to be adequately treated by 
the SSD system. 

4.1.1 Slab^n.Qrrtg 

Sina current research indicates that SSD is the 
most sucoeufiil lechnique fbr reducing radon 



levels in slab-on.grade schools with good 
subslab communication, the construction 
documents should be checked for Information 
on the type and amount of subsUb gravel or 
aggregate. Even if aggregate is specified, the 
alr.flow resistance of different aggregate types 
has been fbund to differ significantly. Subslab 
oonununication measuremenu and visual 
inspections are often necessary to cfllciently 
<lesign an SSD system. 

Interior fbotinp and rolled footings (grade 
bewns) may pose subsuntial barriers to 
communication between areas: therefore, it is 
necessary to careflitly examine the foundation 
plans when desf^g an SSD system. 
Depending on Uie type of subslab barrier and 
the material underneath the barrier (e-g., clay 
sand, gravel) tiiere nay be Umited 
communication, if any, across Uiese barriers. 
Often, it may be necesuiy to locate additional 
subslab suction pointt if areas to be mitigated 
do not oommuniate across subslab barriers. In 
other cases, coverage of the SSD system may be 
increased if a larger flin and/or pipe diameter 
are used. Evaluation of subslab communication, 
as discussed in Section 5.2. will indicate the 
effect that these subsUb barriers will have on 
SSD system design. 

4.1.2 Basemen^ 

Schools wiUi basemenu may present a difficult 
problem because a large area is in conuct with 
the soil Some school basements are completely 
below-grade and oUien are walk-out basements. 
Walk-out basements are commonly used as 
claurooms or workspace. Many ftiU basements 
in older buildlngi have also been converted to 
classroom space. Below-grade walls, the slab, 
and floorAwaU cracks can be signiflant sources 
of radon entry. If there is adequate subslab 
communication. SSD is probabbr the most 
desirable approach to radon mitiption in most 
basement schools. AU of Uie commenu on SSD 
systems in Uie above section on slabH)n-grade 
schools are applicBble to basement schools. In 
addition, any asbestos in Uie basement should 
be removed or encapaulated according to the 
Asbestos Hazard Emergency Response Act 
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(AHERA) before attemptiai; any radon 
reduction actMUa la the basement 

4.1.3 ^niYl if BMBI 

Most crawi space schools tend to be constructed 
on concrete slabs supported by periphery and 
internal foundation walls, although schools with 
conventional wood joist and floor construction 
over a crawl space and 'portable' classrooms do 
exist Crawl spaces are usually divided into 
compartments that are all interconnected by 
open passages allowing access to utility pipes. 
To avoid freezing of inadequately insulated 
pipes, some school crawl spaces have no vents. 
As a result, high levels of radon may collect in 
the crawl space. (Elevated levels of radon can 
accumulate in a vented crawl space as well.) 

Increasing natural ventilation by opening crawl 
space vents may be a possible solution as long 
as the changes in temperature do not cause 
problems such as freezing pipes, condensation, 
or cold floors. Whether this wiU adequately 
reduce radon levels will be school specific 
Depressurizatioa of the crawl space has been 
more effective in reducing radon levels in 
houses than natural ventilation of the crawl 
space; again, experience in schools has been 
limited. Submembrane depreisurization (SMD) 
has also been successful in reducing radon levels 
in houses built on crawl spaces. However. SMD 
has not yet been researched by EPA in any 
schools. It is possible that the appliation of 
this technique may be difllcult in many schools 
because of the large area to be treated and 
compUcating interior crawl space walls. 

More deulled guidance on thcs« approaches for 
schools will be available foUowiog ftonher 
research. In any CMe, any asbeitoa ia the crawl 
space area shoaM be feaoved or encapsulated 
according to AHERA before attempting any 
radon reduction aedvitka ia the crawl space. 



4 J HEATING, VENTIIATING, AND 
AIR^ONOmONING (HVAC) 
SYSTEMS 

Undersunding the school's HVAC system often 
plays an important role in determining the 



source of, and the solution to, the radon 
problem, le Amertan Sodety of Heating. 
RefrigeratL-j and Air*Conditioning Engineers 
(ASHRAE) Standard 62.1981R 'Ventilation for 
Acceptable Indoor Air Quality* should be 
consulted to determine if the installed HVAC 
system is designed and operated to achieve 
recommended minimum ventilation standards 
for indoor air quality. Sometimes schools and 
similar buildings were not designed with 
adequate ventilation, and in other instances, 
ventilation systems are not operated properly 
due to tKtors sudi as increased energy costs or 
uncomforuble conditions caused by a design or 
maintenance problem. It is advisable to achieve 
the recommended minimum ventilation 
standards in a school in conjunction with or in 
addition to installation of a system for radon 
redunion. Consulution with a qualified HVAC 
firm or a registered Professional Engineer 
experienced in HVAC system design is 
recommended for evaluating the HVAC system 
both ia terms of radon mitigation options and 
indoor air quality. 

HVAC systems in Uie school districts initially 
researched by EPA include: central air-handling 
systems, room-sized unit ventilators, and radiant 
heat Unit ventilaton and radiant heat can exist 
wiUi or without a separate ventilation system. 
Central air-handling systems and unit ventilators 
tend to be most prevalent in newer schools, 
particularly if air-conditioned. Often, because of 
additions, schools may have more than one tvpe 
of HVaC system. 

4.2.1 Centtal-Aif Handlint Svateim 

In many buUdinp with air-conditioning, the 
HVAC system contains some type of central 
air-handliag systeat The systems can vary 
widely ia size aad configuration, and the 
diCfereat types of systems will tend to have 
uitique effects oa radon enuy and subsequent 
mitiptiOB. Three types of ceatral air-handling 
systems comiaoa ia schools are summarized 
belofw; siagle-Cui systems, dual-fka systems, and 
ohaust-oa^ systems. 

In *inalB.ttB iwteiM tiie air is distributed to the 
rooms (aonaally uader preuure) by the 
air-haadUag ba, aad the retura air is brought 
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back by the same tuL Tdese systems ire similar 
to forced-air systeas la houses, except that fresh 
air can usually b« ated with the return air. 
The air-bandUng flui nay operate continuously 
during the day, or they may operate only when 
heated or cooled air is requited, cycling on and 
off throughout the day with themosut control 
In any case, the systems are nomally set back 
or turned off during evening.' and weekends. 
These single*fin systems are normally desiped 
to generate neutral or positive preuuics in aU 
rooms. In a single*fiui system, stale air leaves 
the building either through a separate eichaust 
system, by relief, or by esdlltration through 
cracks and openings due to overpressurization 
by the fan (if Cresh air is brought into the 
system). 

Larger air*handling systems often employ a 
dual.fiin awtem! an air-distribution fiui and a 
smaller retum>9ir fiUL The retura-air bn allows 
for forced exhaust of return air. Louvers 
regulate the amount of firesh air brought into 
the air supply and the amount of return air that 
is exhausted. Dual-Cin systems are usually 
designed so that they generate positive pressures 
in all rooms when operating; however, if the 
retum*air fin pulls more air (torn a room than 
the supply fiu is (iimisbing, then the room can 
be run under negative preuure causing soil gu 
to enter the room through openiap to the soil 
beneath the slab. The fhns usually operate 
continuously during the day and are either set 
back or turned off during evenings and 
weekends. 

Although single- and dual-fho systems are 
commonly designed to operate at positive or 
neutral pressures, pfeuure measttremeatt in 
schools have iadieued that such ayitens can 
cause signillcaat Mpttve piMiani in the 
building. HVAC tgmm modiflCBtteiM (such as 
reducing the tmom ct ftesh-alr Intake), lack of 
maintenance (MCfe m dirty fllten), unrqpaiied 
damage, or oilHr iMloit caa result in 
substantial nefitiwi praasvrai la sosm rooms, 
thus increasing sou gas eatiy. 

The third type of central air-handling system is 
an exhiuit.ontv tMtmm in whkh BO supply air is 
provided mechanically. Such systems are 
generally used for ventllatioa in schools that 
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heat with radiant systems or unit vcntilaton and 
have no central air-handlers. The fans exhaust 
air through i central ceiling plenum above ihe 
rooms or with roof mounted exhausts in many 
locations. These systems are designed to draw 
fresh air into the rooms by infiltration through 
above grade cracks and openings; however, 
radon caa enter through below grade cracks and 
cpealBfk The tins ia exhaust-onfy systems 
usually are normally off at night but may 
operate continuously during the day. This can 
generate a negative pressure in all rooms and. 
consequently, increase the potential for radon 
entry. 

4.12 Unit Venmiinr, 

These self-conulned units provide heating 
and/or air-oonditioning in individual rooms. 
They are usually installed on outside walls with 
an eadosure which contains finned radiators 
and/or ooib. Hiey caa also be located overhead 
in each room and are sometimes above the 
drop ceiling. Uait ventilatois normally contain 
one or more Urn and a vent to the outdoors so 
that fresh air caa be pulled in by the fan(s). 
An adjusttble damper allows a variation in the 
mix of receded room air and fresh air fed to 
the drculatlag dsa. Presh-air intake can be 
minimal because of obstruction of the outdoor 
vents due to poor maintenance or energy 
oottservatkia practloes. (Uniu that do not 
provide any outdoor air by desip are referred 
to as fu ooU units, not unit ventilators.) 

In some cases there is a central-buildlng 
exhaust-ba system in schools with unit 
ventilaton, as discussed above. This exhaust fan 
is inteaded to provide ventilation by pulling air 
ia dirottgh the ualt veatilators (if tiieir fresh-air 
vents an opea), but it also creates a sipificant 
aegathw preasore ia Uie room. This negative 
preMure caa pull radoa into the rooms with the 
soil gas. If flpssh-alr intakes in the unit 
ventilators ate blocked for any reason, operation 
of e9dttust<«aly Caas wUl increase tite negative 
pressure in the building relative to the subslab 
area. 

Radon mitiption strategies in schools with unit 
ventilators atipt include (I) opening the 
firesh-air veats to improve ventilation and 
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runnini; the unit veotUator Cuu oootinuously to 
pressurize Uie rooov (2) repUdag u 
exhaust-oaly veatilition ivitfv lyith a syi:em 
that operates uader • sUfla [A^itive pressure, or 
(3) insullatioB of an SSD system that could 
overpower aU neptive pressures in the building. 
If the current HVaC system is providing 
adequate ventilation to the building or if 
options (1) and (2) are not feasible, option (3). 
SSD, would be the most praaical strategy if 
there is good subslab oonununication. 

4.2.3 Radiant Heat Sv«ten« 

Radiant heat systems in schools tend to be of 
three types: hot water radiaton. baseboard 
heaters, or warm water radiant heat within the 
slab. Schools heated with radiant systems 
should havis a ventilation system to achieve the 
fresh air requirements recommended by 
ASHRAE; however, many of these schools 
provide no ventilation other than infiltration. 
In other schools, there are exhaust ventilators 
on the roof. These can be passive, allowing 
some ventilation through the suck effect, or 
they can be powered. Powered Roof 
Ventilators (PRVs) an cause significant 
building deprcssuriiation, particularly if a fresh 
air supply is not provided. This on cause 
considerable radon entry into the building while 
such exhaust systems are operating. 

If SSD is under consideration as a mitigation 
option in a school with intra<slab radiant heat, 
the building plans should be careftiUy studied to 
avoid damaging any piping when placing the 
SSD points. An infhmd scanning device can be 
used to help locate the exaa position of subslab 
pipes. Satisbaoiy locations for SSD pipes may 
be very limited in such schools. 



4j LocAHON or inunY lines 

The location of eatiy points for utility lines can 
have a signiflcaat infloence oa radon entry in 



schools since they an provide an entry route 
from the soil into the indoor air. Utility line 
loations depend on many factors such as 
substructure type, HVAC system, and 
architectural needs or practices. Utility lines 
loated above grade should not ause significant 
radon entry problems. 

In slab^a*grade and crawl spr.ce schools, the 
utility penetrations from the «ubsUb or crawl 
space area to individual rooms ve frequently 
not completely scaled, leaving o^nings between 
the sou and the buildiag interior. For example, 
there is a potential for radoa eatry around 
plufflbiag penetrations and electrical conduits. 

If uUUty lines, such as electrial conduits and 
water and sewer pipes, are loated under the 
slab, their exact loations should be carefully 
noted from the plans, and aution should be 
uleen when drilling holes through the slab 
during diagnwtlc measurements. This is 
discussed in more detail in Seaion 5. 

In some slab<oa>grade schools, the utility lines 
are loated ia a subslab utility tunnel that tends 
to follow the buildiag perimeter or central hall, 
UtiliQf tuaaels oftea have maay openings to the 
soil beneath the slab^n-grade and. 
coasequeatly, caa bs a potential radon entry 
route. Ia additioa, risers to the unit ventilators 
frequently pass through unsealed penetrations m 
the floor so that soil gas in the utility tunnel 
caa readily eater the rooms. If the surrounding 
sou has elevated radoa levels, a utility tunnel 
could be a aujor radoa eatiy route ia schools. 

It is pottible that the utttity tuanel could be 
used as a radoa coUectioa chamber for an SSD 
systeai, aad this approach wUI be studied. Any 
asbestw ia the utility tunnel should be removed 
or enapsulated according to AHERA before 
attempting any radoa reductioa activities in the 
tuaaeL 
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S. DESIGN AND INSrAUATON OF SUBSUB DEPRESSURIZAHON (SSD) SYSTEMS 



S'l APPUCAnON 

Experience lus shown tbat SSD is the most 
successful radon reducttoa technique in houses 
that have aggregate or permeable soU beneath 
the slab. There is much less experience with 
SSD in schools; however, the results to date* 
although limited. hav« been promising in 
schools that have aggregate or dean, coarse 
gravel under the slab. Current guidance on 
radon reduaion In schools is kucused on 
designing and installing SSD systems, since 
experience in mitigating schools using other 
techniques (Senion 6) is very limited. 

Experience to date has identified ceruin types 
of schoois where SSD may not be applicable. 
These include: 

Schools that do not have crushed 
aggregate, coarse gravel, or permeabie 
soil undenieath the sUib. (Experience 
has shown that SSD systems perfbna 
best when the subslab material Is 
approximately 3/4 to 1*1/4 inches in 
diameter, with few fines.) An SSD 
system may work in other situations if 
enough suction points are Installed to 
create a sufRcfeni preuure field. 
However, in other cases an alternative 
mitigation approach will be necessary. 

Schools with subslab ductwork. In 
house mitigation, the subslab ductwork 
is sometimes sealed off and replaced 
with new above«slab ductwork. This 
could be dUBcult and cnpensive in many 
schools, and impossible la oUieis. 

Schools wM cnwl spaee coBsintctlon. 
Depeattn oa cnwl sptoa sine and 
conllgandoi, taoMsad cnwl space 
ventllatte. cmH spioe depnasurizatton, 
or sttbflMsibnae depraatirlsitioa 
(SMD) may be appUabIa provided no 
asbestos la present. 

Future school mitigation studies will research 
radon reduaion strategies for mitigating these 
typa of schools, and technical guidance wiU be 



published as soon as possible. If diagnostic test 
results or other reasons indicate that an SSD 
S'Jf'SJi.'®* for a given school or 

^^^^ ^ as soon as 

S-i OUGNOSnC TESTING 

Diagnostic meuurements will help to better 
undentaiid the nature of the radon problem so 
that an effective mitiptlon strategy can be 
<leveloped. Aggrepte inspection and subslab 
communication testing are the simplest, least 
expensive, and most Unporunt diagnostics to 
determine the applicabiUty of an SSD system. 
Other dlagnoattes require more expensive 
equipment and may be more difficult to 
interpret, but they also may be required to 
undentand the complex radon problems 
Msociated with larger buildings and HVAC 
system operation. Diagnostics that have proven 
useftU in school miUption are described below. 

^•2-l Evaluatton nf ^fte gfaotin, gfnT'Vrf 

It is important to determine the types and 
tocatlons of potential subslab barriers, such as 
footings, subslab walls, and gnKle beams and 
how they may impact subsUb communication 
and miUgatioa system design. The presence of 
bulkllng walls does not necessarily indicate the 
position of a footing or grade beam because not 
aU walls are load-bearing. Hie building plans 
(foundatkm drawinp) are the but source of 
information on the kxation of footing. Note 
that thickened areas of the slab (caUed 'grade 
beams") are soaetimea found la schools to 
support a bkMk wall llieir efftet on subslab 
communicatton wiU depend on the depth of 
aggrepte or giavel under them. 

Experieaoe to date has shown that, la some 
cases, subslab commuaicatiOB will reach across 
these barrien. However, ia naay cases, areas 
surrouaded by footiags, subslab walls, or grade 
bwms may each aeed at least oae suction point. 
(This is why the subslab oommuaication test. 
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which foUows, is inportut in oonflrmiog the 
presence, cacteni, and effects of subiltb barrieis.) 

5.2.2 Eviluetk» of Suh«l«b ComtnuiUcaUon 

The most iiaponaat penmeter in isiessing the 
applicability of 3SD is subtlab conununiaUon 
r oressure fteld extension. Permeable 
.igk^egate, screened, coarse, and approxtnutely 
3/4 to 1*1/4 inches in diameter, is preferable. 
Building plans and spedflcations have been 
found to be generally accurate in determining 
the presence of aggregate, but the aggregate 
quality must be determined by Inspeaion. If 
aggregate is not mentioned in the specifications, 
it may not be present even though it is shown 
on the foundation drawings. 

Subslab communication can be evaluated by 
using a shop«type vacuum for suction at one 
larger hole (normally located at the potential 
SSD point) and pressure sensors at other 
smaller holes. The suction hole should be at 
least I'inch in diameter or larger, and the test 
holes should be approidniately 3/8-inch in 
diameter and should be located at various 
distances and in various directions firom the 
suction hole, depending on building size and 
configuration. This approach will iadiate the 
feasibility of developing a pressure field under 
various pans of the slab and will also help to 
identic the influence of subslab barriers such as 
grade beams or below grade fbundatloa walls. 
It will also help to indicate competing pressures 
or excessive leakage from subalab duowork 
which would inhibit pressure field development 
in an SSO system. 

Experience has shown that the size of tlie area 
that can be mitigated by each SSD point varies 
from a few hundred to sewenl tbonsand square 
feet The covefB|i will be deptadeai on 
subslab commiiilcttioit the flow capacity of the 
fan and pipe, tte pfMMa of rabslab barriers, 
and on the str?^ of tlM bvOdlBg pceuures 
and leakage that tlM Qitaa orait ontnome. Of 
coune, if subslab pefmaabOiqr is UoUted, then 
the pressure field may en ad only a few feet 
and many SSD points may be neoessaiy to 
adequately treat the entire area. 



Pressures at the primaiy (1-inch plus) suction 
point are typialjy mecsured at suctions of about 
8, 6, 4, 2, and 0 laches WC The pressures at 
the test hole can be measured either 
qualiutivety (with a smoke stick) or 
quantiutively (with a pressure gauge). If 
oommunlcatton testing indicata a pressure of 
0.001 inch WC (0.25 Pascal) or lower at a given 
test hole or if smoke stick tests show that air 
flows into the hole, it may be possible that an 
SSD system will be able to reach the area. 

This procedure requires an electric-pneumatic 
harimer drill, a vacuum, and a sensitive pressure 
se^oor. Before drilliiiM into th> slab, utility 
pipes and conduits should b«r no.ed from the 
plans and conflnned to avoid drilling througti 
them. Refer to Section 7.2 on worker 
protection for safety suggestions. 

Aggref ite quality can also be inspected by 
drilling at least one hole in the slab, large 
enough (at least 4-inche$ in diameter) to extract 
a sample. Holea larger than 4-inches will allow 
for a better estimate of the depth and porosity 
of aggregate, but holes of this size may also 
cause more damage to floor tiles and be more 
difllcult to repair. Again, proper precautions 
should be taken when drilling through the slab. 
Although this approach wiU indicate the 
presence of subelab aggregate and the potential 
for subslab coaununication, it will not indicate 
the extent of preuure flekl development that is 
poMible with the communication test 

5.2J Evaluation of Pressure Differentials 

If the radon tests were made with the HVaC 
system or other ventilatton tens on. it may be 
useful to re-test the rooms (at least the ones in 
queatiott) with all Hun turned off in order to 
isolate the major sources of radon and to 
determine if HVAC operation is influencing 
ra(toa levels. Changea in radon levels due to 
HVAC opcratkia may indicate the significance 
of the preMuraa (botb positive and negative) 
generated by HVAC operation and the potential 
for mitiptioa by HVAC modUkattons (See 
Sections 4.2 and 6). Pressure dUSerentials and 
air flow meuurenenta in classrooms can be 
used to Mentiiy any HVAC flow imbalances that 
may cause neptive pressures in the building 



20 



relative to the subtUb area. These 
measureneott require sensitive pressure gauges 
and/or air flow neten. Qualiutive information 
can be obtained bjr osiag a smoke sticie to 
indicate the direction of air Oow. 

If the HVAC system pressurizes the building, it 
can prevent soil gas entry u long as the 
air-circulating fan is running. However, 
tnsuUation of an SSD system may still be 
necessary if radon levels build up to 
unacceptable levels inside the school when the 
fans are off and it ukes too long to reduce the 
radon to aocepuble leveb when the system is 
turned back on. 

If HVAC system operation or the natural suck 
effect exerts a neptive presture in the buUding 
relative to the subslab area, then a successful 
SSD system must overcome thte negative 
pressure. Recent experience with SSD in a 
limited number of schools indicates that a 
well<onstnioed SSD system cut provide 
omsiderable reductions in radon despite strong 
HVAC counter pressures. However, it may be 
difficult for an SSD system to overcome the 
negative preuurci exerted by returo-air ducts 
located under the slab. 

Continuous radon measurements (typically 
averaged over l.hour intervals) coUeaed tor 
several days wiU show variaUons in radon levels. 
These variations can result from changes in 
HVAC opentiott. diurnal effects, weather 
conditions, and occupancy patterns. These data 
may lead to a greater undentanding of the 
pressure dynamia in the building; however, a 
relatively expensive continuous radon monitor is 
required. ConUnuous difllmtial pressure 
measurements (InsidcAHitdoor/littbelab) collected 
concurrently with the oontittttow radon 
met omenta, are alM extranely useftil in 
undersunding HVAC tgnm influence on radon 
entry. 

Subslab radon maisnrenwnts are used to map 
radon source strengths so that the suction 
point(s) can be placed near the major sources. 
The subslab radon meaiurenents can be 
collected through the l/i-ioA diameter holes 



drtiled into the slab in the subslab 
oommunication test detaUed above. To obtain 
the most represenutive resulu. the subslab 
radon leveU should be measured prior to the 
mmfflunication tesL This diagnostic technique 
requires a hammer drill and a conUnuous or 
grab ladon monitor that can pump air samples 
into a measuring chamber. Beto£ dniun.Vl 
lULglfc utility pipes and coSshouW be 
ttoM from the plans and confirmed to avoid 
drilling through them. 

A3 DESIGN AND INSTALUnON 

Installation of SSD systems is primarily a matter 
of plumbing because of the extensive use of 
PVCpipe. Electrical work, concrete work, and 
roof work are often also invoh^ Due to the 
nature of the work, it is imponant that the 
installer take into account aU applicable codes 
that may aflbct construction and/or 
modiflcitk)ns to school buUdittB. TVpically, 
these may include electrical, mechaniosl, fire 
protection, plumbing, and building codes 
(Section 7). 

A typical SSD system tor a school is shown in 
Figure 1 and should be referred to throuahout 
the seaion. 

5J.1 Suction Hf^ii Lftffliffn 

The kxation of the suaion hole is selected once 
an area or room to be treated has been 
identified based on radon measuremenu, subslab 
conununication tests, and any other diagnostic 
measurements. For optimum mitigation it 
would be best to loeite the suction bole closest 
to the highest known ndon source. Of course, 
if the rooms with higher radon leveb are widely 
separated, then they are probably independent 
and must be treated separately. Often, the 
source may be widespread or unidentified or the 
suctiou hole may need to be located in an 
out-of.the-way place that wiU cause minimum 
disruption to the room occupants. 

Another consideration when loating suction 
points is the aoonssibility of the exhaust pipe 
and exhaust Cul In many casa the suaion hole 
position is chosen on the basis of aesthetics, fan 
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Figurt 1 . TypiMi Subtlab Of prtMuHution (St 0) Ottign for • School 
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location, or obaust pipe routing. Often a 
location equidliiaat from both outside walls, 
such as a baU or a doiet on the hall side of a 
classroom, is a food locaUon if subslab 
communication is suiBdenL 

5J.2 



In order to adequately depressurize school slabs, 
which may be much larger than house slabs 
larger fans and larger pipes to cany the 
increased air flows are typically used. Appendix 
A conuins information on flu and pipe 
selection which lists a number of ttra with the 
capability of drawing over 300 cubic feet per 
minute (cfm) at 3/4-inch WC (which may be 
three to four times the capacity of home 
mitigation fans). 

The typical 4.inch pipe used in most home 
mitigation systems may have too much flow 
resistance when used with this larger (Ian; 
therefore, 6*inch pipe is often used. The 
piping used should be flre*rated (minimum 
Schedule 40 PVQ. 

If the permeabiUty of the aggregate is high, then 
a single 6-inch suaion point can be used with 
the larger pipe and fin. However, with typical 
aggregate permeability, a wider area can be 
mitigated by using two or three suction poinu 
manifolded to one of the more powerftil tua. 
The location for the SSD point(f) should be 
seleaed based on the resulu of the diagnoitic 
measurements. A typical naolfbld system might 
consist of a 6'ittch PVC pipe nuuiing 
horizontally within a dropped celling and 
extending 20* to 60-reet betwees verdcil dropi. 
Connected to the maaifbld would be an ciierior 
mounted dn, and 4*iBch PVC venktl pipea 
which peneuatt ite itab and tnaunit vacnum 
to that area of tte floor Hah. lUiamngement 
can be used to aklpie a long daMroom wing 
with the snctioi fOkm tated in the central 

corridor or on ikt cofiidor aide of a classroom. 
Experience in schools has ihowa that locating 
the suction pointi leaote turn the outside wall 
will help to reduce short dmiitiBg (satisfying 
fan demand for air) of the syiteok 

If any of the pipe is either outside the building 
or in an unheated section of the building then 



condensation may form inside the pipe because 
of the high moisture content of the exhauited 
subslab soil gas. The pipes should always be 
Slanted so that this condensaUon can drain back 
mto the subflab cavity where it originated. 
Cnt in-Une fkns should be mounted verUcally 
to prevent water accumulaUon in the 
beU'iluped housings.) Experience has shown 
that SSO systems in homes can foil due to a 
buildup of condensaUon in improperly oriented 
fhfls and pipes. In humid climates, condensauon 
wtUalso form on the outside of pipes in 
ocposed areas, and insuUtion or boxing in mav 
be neoessaiy. Rain entry into uncapped exhaust 
pipes has not been reported as a problem, 
probably because the volume of rain is small 
compared to the volume of condensatfon that is 
continually flowing back down the exhaust pipes. 
Ice buUdup on the bn or on the exhaust stack 
has not been reported as a significant problem, 
probably because the soU gas is warm enough to 
melt any ice or to prevent it from forming. 

^•^•3 Suction Point fnd Pine rnt»Hin(nn 

Once the location of a suction point is 
determined, a hole must be drilled through the 
concrete sUb. Typically, the slab hole diameter 
corresponds to the pipe's outside diameter, 
usually sUghtly targer than 4- to 6-inches. The 
hole must be large enough to accommodate the 
suction pipe and to allow the excavation of a 
cavity beneath the sUb. Before driiHntf inm 
Slltb utiUty pipes and conduits should be noted 
from the plans and confirmed to avoid drilling 
through then. Recommended concrete drill 
types an discussed in Appendix A. 
Alternatively, core drilling companies can be 
hired to driU this type of hole. If a school 
district antidpatei miUpting a large number of 
schools using SSD, they should consider 
purchasing a drill Worker protection should 
iadude respiraion and eye protection, in 
addition to ventilation of the work area to 
dUttte radon that is released by opening up the 
subslab. r- • f 

Aa open hole or cavity, as seen in Figure 1. 
should be eacmrated beneath the slab with a 
diaoeter of appraednately 3-fBet and a depth of 
about 1-foot Experieace has shown that when 
1-foot diameter w/itim have been enlarged to 
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2* to 3-reet tad ibe depth increased to i-foot, 
the negative praaim fleldi have often doubled 
becaufe of the deoMMd misunce. Although 
perforaianoe impraveneais have been variable, 
this larger cavity «i» haa proven most 
worthwhile in nonporous soili (wher« the most 
improvement ii sought). Aggregate can 
sometimes be removed from the subslab either 
by hand or with a powerftil shop vKuum. If 
the aggregate is packed tight^. a crowbar and 
hand excavation may be necessaiy. -Large 
subslab cavities may require opening up a larger 
slab hole just for aggregate lemovaL This hole 
will have to be resealed with concrete. 

The exhaust pipe should be well supported so 
that it w4|| not be knocked h)ose if it is Jostled. 
In school environments it is advisable to enclose 
the pipe for both security and aesthetics. 

5.3.4 Fan Iiutallitlon 

The EPA recommends that SSO fins be 
insulled outside the building because of the 
chance of leakage of highfy concentrated radon 
from the fin or the pipe exhausting from the 
fan into the building interior (since the fin and 
exhaust pipe are under positive pressure). 
Figure 1 shows two possible fin mounts. In 
houses the fins ate usually placed la attics, but 
in schools they have been placed on the roof or 
on the upper sidewaU of the building exterior. 
(See Appendix A for a discussion of SSD fu 
installation variations.) Wall penetrations are 
usually preferable beause roof penetrations may 
lead to roof leaks. Several fia oonllguratioas 
are possible: in-line mounts that couple to 
pipes, pedestal mounts with a vertical discharge, 
and pedestal mounu with a horiaoasal 
discharge. However, the piping configuration 
and Can placement muit be guided by building 
codes in additioa to pnwtiGal considerations. 

The system shoald mlum above the roofline to 
prevent high coaeottntioBS of radon from 
re-entering the btilldiBg. A locatioB should be 
chosen which prowtdei a reasonable distance 
between the discharge point and HVAC 
fresh air intakes, windows, doors, or any other 
openings to the building interior. 



S-3.5 Sg^ling of iUd on Entry Rnut^ 

To enhance the performance of the SSD sysiem, 
an effort should be made to seal as many radon 
entry routes as possible. Hiis increases the 
strength and extent of the negative pressure 
fleld and also reduces the amount of treated 
indoor air that wiu be drawn into the SSD 
system. Entiy routes that should be sealed 
include cracks in the stab and walls, the 
floorMaU Joint, the surface of porous concrete 
bk)ck walls, and openings around utility 
penetrations. Fibrous expansion Joinv. that are 
commonly used when the stabs are poured, can 
also serve as radon entiy routes. These and all 
other cracks and porous surfaces fhould be 
properly prepared and sealed with a suitable 
seaUnt 

S.3.6 Tfoubteiioo HPi 

Troubleshooting SS^* lysiuKS may involve 
taking a number of d«nimjatic measurements. If 
radon levels are not ad(\(utwly reduced, the 
suaion in the substab avity should be 
measured. Low pressure may indicate high air 
flow or poor fin performance: high pressure 
indicates poor substab permeability or low air 
flow. The air flow in the pipe may have to be 
measured to determine whether the fan is 
operating properly. The pressure fleld extension 
can be measured at various disunces from the 
suction hole(s) to detennine the coverage of the 
SSO system. 

5J.7 Imnrovine Svatcm Perfarmancft 

Some causes of InsufBdent substab pressure 
fleld development hidude: poor subslab 
permeability, the presence of substab barriers, 
competing pressures from cubstab return-air 
ductwork, and air leaks into the system (either 
air>supp{y ductwork or from cracks or 
openlnp). If the performance of an SSD 
system is not adequate, a number of different 
steps can be attempted to improve system 
effectiveness. These include: 

• Additional suction points can be 
installed to increase coverage area. 
(This approach is most suiuble when 
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ooniffluii:cattoB is poor or pressure and 
flow are low.) 

Larger pipe tfianeten. larger ttns, and 
larger subilib eavlties have been shown 
10 improve SSD system performance in 
somecasea. (A larger £ib and pipe 
diameter are most appropriate when the 
pressure is lo«' and the flow is high.) 

Sealing of cracks and holca can also 
improve the nepUve pressure field 
extension and, consequently, radon 
reduction. Sealing wUi also help to 
reduce the energy penalty associated 
with the iP ^Teased exhaust of indoor air 
into the SttL system. 

• Reductions in room depressurization (if 
applicable) may also improve radon 
mitigation. 

Finally, it is possible that the suaion 
point has been located in a spot with 
such poor permeability that major 
improvements cu on^ be made by 
abandoning the current hole and driUing 
a new hole in an area with better 
permeability. 

^•3.8 System Maintenance and Mnnhnnpy 

One of the chief advantages of SSD systems is 
that there is relatively little maintenance 



required for their operation, and the fans have 
long lives. Periodic sy8te»a inspection and 
annual retesting of the radon levels may be 
suiBdent if fiins with an expected service life of 
10*20 yean are installed. 

The SSD system pressure levels could be 
cheeked and all measurements recorded 
routine^ as is done with the inspeaion of fire 
eninguishen. A preaure gauge is the most 
common type of monitoring device that is used 
to eviluate the continued performance of a SSD 
gstem. TVplctlly a dial pressure gauge (about 
SSO) is used to monitor the subalab cavity or 
suction pipe preuure. The gauge is usually 
mounted on or near the sucUon pipe where it 
can be checked to determine if the suction 
pressure is adequate. Other devices that 
contain pressure switches to turn on a light or 
sound an alarm if the pressure fhlls below a 
given value are also tvaiUble and are the 
preferred method. 

Each SSD system should be labeled with its 
installation date, nominal subsUb cavity or pipe 
preuure depending on monitoring system, and 
the name and telephone number of the persons 
to contaa in case of eiUure. Once the final 
SWtem b installed. nmt.t^Hjm jon ndon levH^ 
should be mnnitored «nnmH Y rduring 
weathers to ensure th«t th^ ^y^. ^m a operyr.no 
effectivglyj 
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6, OTHER APPROACHES TO RADON REDUCnON 



Other mltiption approKho. ia tdditioo to 
SSD. have been ttMd la some schooU. Theee 
approacha may be Ifflplemeated eitHer as a 
temporary solutioa prior to iasiaUatloa of a 
permanent SSD system* or tliey be considered as 
the first phase of a more extensive mitigation 
plan. In some cases. Implementaiioa of these 
approacha alone may adequately reduce radon 
levels in the school. After conflrming adequate 
reductions with short-term tests, follow up with 
long*term meuurements to ensure that the 
system continues to mainuin an adequate level 
of radon reduaion. 

Classroom pressurization, increasing ventilation, 
and crawl space depreasurization are discussed 
below. It should be emphasized that these 
approaches have not yet been thoroughly 
researched by the EPA ia school applications, 
and more definitive guidance will be published 
following additional research. Other miUgation 
techniques, such as extensive sealing and 
submembrane depreuurization (SMD) in a 
crawl space will also require extensive testing. 
For technical deuils on how these techniques 
have beea used in house mitigation, refer to the 
manuals on radon reduction listed in Section 
1.2. 



6.1 CLASSROOM PRESSURIZATION 

Mainuining a positive preuuie in the building 
(relative to the subslab area) through HVAC 
system operation has been used aucoessftilly for 
temporary nitigatioa in a UoUied aumber of 
schools. Whether prattttiiatioa a (isasible 
long.term mitigatioa loltttioa depends upon 
factors such 18 tke proptr opentfoa of Uie 
HVAC system bf HaMwiiim penoaael, 
performaaoa wUk cftngiag cUoMtic coaditions. 
and any addittOMl ■aliMMBCi coats and energy 
penalties anodaitdiiitk tfea chaaiM ia 
operaUoa of the HVAC qsteaL AayHVAC 
modiflcatioas should be nude la oooperaiioa 
with a qualified HVAC system specialist. 

Siaoe oeatral HVAC systems are aormaUy 
designed to operate in a fbroed supply mode, 
the occupied spaoes may be maiaiaiaed uader a 



sUght positive preuure (relative to the 
outdoors) depenaUig on the balance b«tw«*»n 
the supply and the exhaust in the building. 
These lystems should be checked periodically 
for proper operation to ensure that a positive 
pressure is mainuinod, and adjustments should 
be made as necesuiy. HVAC modifications 
that reduce drcsh air iauke. reduce suppiv air 
or increase return air in a given area, and 
improper qntem maiatenance can lead to 
preuure imbalaaces, and. consequently increase 
radon entry. 

If positive pressures are not being achieved in j 
singlC'fsn system, the system should be checked 
to ensure that the fresh-air inuke meets desien 
spedflatlons and that the inuke has not been 
closed or restricted. Increasing the fresh-air 
iatake and operating the tens for a sufficient 
time prior to occupancy and continuously while 
the school is occupied wiU help to reduce radon 
levels that aeeumulatc during night or weekend 
setback periods. This approach will maintain 
low levels during occupied hours by maintaining 
a positive preuure to prevent radon entn' and 
providing fresh (dUutlon) air. 

In dual-dui systems, the return-air fan can be set 
back or restricted so that aU the rooms are 
under a posithw preuure with only the suppiv 
fiui operatiag. Hie fresh-air inuke to the 
supph' fan caa also be increased up to the 
desiga limit of the sy^ten. Another option 
might be to ooasult with a HVAC engineer to 
redesign a fresh-air intake or to add one to a 
systeaL Oiagaoatic measurements made with 
continuous radon monitoring equipment in each 
clittiQom with elevated ftdon ieve|| can help to 
determine the aeoessaiy fin operation schedule 
in such situatioaL 

la schools with uait veatilaton. increasing the 
fresh-air iatake to the desiga limit and 
operating the flias coatiauous^ while the school 
is occupied wiU help to maiamia a positive 
preuure ia the boUdiag. A central exhaust-only 
veatilattoa system oied ia coajuaction with 
uait veatilaton or Ilia ooU heaters might need 
to be modified or replaced with a system that 
operaiea natter a sU^t positive preuure. For 
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schools with no aaive veatUatioa systems or 
exhatttt-only fin systems, positive pressurization 
will probably require major modulations, such 
as addition of a frtBh*air supply, u part of a 
HVAC strateiy. For more detail on classroom 
pressurization and how it would apply to a 
specific type of HVAC system refer to Section 
4.2. 

If these modifications to HVAC system 
operation are to be feasible long-term 
mitigation approaches in a given school, then 
proper operation and maintenance of the system 
is critical Perfbrmance during various climatic 
conditions and any additional maintenance costs 
and energy penalties associated with the changes 
in operation of the HVAC system must also be 
carefully considered. In addition, there may be 
potential moisture and condensation problems if 
pressurization is implemented i i very cold 
climates. The appliabiUty of ihis approach will 
need to be determined by qualified personnel on 
a case«by<ase basis. Changes made in HVAC 
system design and/or operation should not 
reduce the ventilation rate below the minimum 
sundards in ASHRAE guidelines. In addition, 
any changes in HVAC controls should be 
documented, labeled. an(* checked regularly. 



M INCREASING VENTILATION 

Increasing ventilation by simply opening 
windows, doon, or vena may be effective, but 
weather, security problems, the lack of operable 
windows, and increased energy costs often make 
this impraaical as a permaaent approach in 
most schools. If the windowi cannot be opened 
at night, it ma>' be desirable to use a fin to 
blow tmh air into the buUdlBg to kiwcr the 
radon levels in the awnlog w»/ta the school is 
opened. Although this appratch has been 
shown to redooi ndM tevek la some houses, 
its applicability tp adwoli hia not yet been 
studied. Tlierdbn, ¥eatllatk» shouM only be 
considered as a teaponiy approach to radon 
reduction until (Unher rcMtrch identifies its 
limiutions. 

If an increase in ventilation is attempted, crawi 
spaces and unoccupied basemenu can sometimes 
be sealed off Crom the rest of the building and 



treated separately. By treating these spaces 
separately, ventilation reductions can be 
achieved in adjacent classrooms wi^h smaller 
fresh air requirements and reduced energy 
penalty. However, the pranicality of this 
approach in most climates will be limited due to 
increased heating and/or cooling costs. 

For reducing the energy costs associated with an 
increase in ventilation, a heat recovery ventilaior 
(HRV) may be oost-effecUve. HRV$ allow fresh 
air to be delivered indoon with reduced heating 
or oooUag costs (depending on season) as 
compared to natural ventilation. Through a 
heat exchanger core, heat is transferred between 
exhaust and fresh air streams, without mixing 
the two airstreams. However. fDr an HRV to 
be a reasonable mitigation option, the savings 
resulting from the reduced energy penalty 
should more than offset the initial cost of the 
HRV. 



63 CRAWL SPACE OEPRESSURIZATION 

In a variation of crawl space ventilation, an 
exhaust Cu is installed in a crawl space vent 
and all other vents are dosed. This is referred 
to as crawl space depressurization or forced-air 
exhaust of the crawl space and can prevent 
radon entry into the building interior by 
creating a pressure barrier acrott the floor. In 
houses, this approach has been more effective in 
reducing radon levels than passive cnwi space 
ventilation. Experlenoe with crawl space 
depretturlzation In schools is limited. 

A diagnostic fiu door test will indicate the 
suiubillty of a crawl space for this mitigation 
technique. A (iu«door (e.g., blower door) will 
measure the leaUness of the space and will help 
to indicate the size of Cm needed to adequately 
depressurlze the crawl space. If radon 
measurementt show that the crawl space is the 
primary source of the problem, and if asbt5tos 
is not present in the crawl space, then this 
technique may feasible tor reducing indoor 
radon levels. More deuiled guidance on this 
approach for schoo'a will be available following 
further research. 
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7. SPECIAL CONSIDERATIONS 



74. BUILDING CODES 



Building coda are typkiUy writteD lo reOea 
minimum desip lad ooutruction techniques 
(hat must be adhered to by the oonstnictica 
industiy. They are developed to ensure the 
public safety, health, and welfare. Building 
codes are not only directed toward new 
construction but also apply to renovation of 
existing struaures. They can be developed by 
the national model code organizations or by 
local jurisdictions. In general, tiie model codes 
published by such organiations as Building 
Officials and Code Administraton IntemaUonal 
(BOCA). International Conference of Building 
Officials (ICBO), and the Southern Building 
Code Congress International (SBCCI) are 
adopted by sute or local jurisdictions or serve 
as the basis for locally amended building codes. 

It is important that the insulkr uke into 
account aU appUcable codes and Uws regarding 
qualifications for design and type of equipment 
used when designing and instaUlag radon 
mitigation systems in any building. Typically, 
this may include electrical* nechanical, flie 
protection, plumbing, and building codes. 
However, since these codes can vary between 
different areas, the applicable codes for a g^a 
loality should be refiemd to when retrofitting a 
school with a radon nitiption system. It is 
anUdpated that spedflc additions or 
amendmenu to these fodm will be made in the 
fiiture to address both retrofit of school 
buildings for radon reduction and radon 
preventative new construction. 



7 J WORKER PROTECTION 

Worker protectioa daring radon miUption 
system installatioi to a 1^ safety, and ethical 



consideratioa for all school administrators. 
Normal safety precautions must be observed 
when performing any type of construction or 
remodeling worL Exposure to radon gas and 
iu decay products creates an additional health 
rak. Therefore, it is imporunt to reduce that 
exposure as much as possible. Specifically, this 
m«y mean increasing ventilation in the work 
area and/or utilizing respiraton in areas where 
the radon oonoentntion is elevated. Attention 
Should Uso be given to other potential hazards, 
sudi as organic solvents in sealants and coatings 
and potential biological hazards growing in 
crawl spaces or HVAC systems. 

Before driUing into the slab, uuiity pipes and 
Gonduitt shouhl be noted from the plans and 
confirmed to avoid drilling through them. 
(However, it should be mentioned that subslab 
plumbing and conduit are sometimes located 
where the installer finds U convenient and do 
not always conform to the plans.) One 
suggestion for avoiding an electrical shock in 
this situation is to ground the case of the drill 
If the tool itself to properly grounded, it will 
prevent the tool from becoming "hot* and 
should cause the breaker to dtoconnea the 
conduit that was hit Shutting off the supply to 
the driU will stop the driU but wiU not shut off 
the subslab conduit that wu hit unless they 
happen to be on the same breaker. 



7J ASBESTOS 

Any potential airborne asbestos fibers identined 
in a basement, crawl space, utility tunnel, boiler 
room, or any other pan of the school that may 
be entered as part of radon diagnostics or 
mitiption shouMi be removed or encapsulated 
according to AHERA before attempting any 
radon reduction activities. 
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APPENDIX A: TECHNICAL INFORMATION 



A.l USING CONSTRUCTION 
DOCUMENTS 

The term 'conitnictloB docuraenu' refen to the 
formally agreed upoo oonstnictioa drawings and 
speciflcations (project manual), as well as aU 
subsequent addenda and change orders. Hie 
documenu are a complete pictorial depiaion of 
the project and consist of the architectural, 
structural, mechanical, and etoctrical dnwine. 
The speciflcations include the bidding 
documents, the conditions of the contract, and 
the technical information that outlines materials 
and workmanship for the entire project 

Both the speciflcations manual and the drawings 
should be obtained to aid in the understanding 
of the building's radon problem. Each of these 
will provide useful information. Table A.1 
summarizes the information provided in these 
documenu. 



A.1.1 SnedflcaHnng 

The specifications will primarily aid the 
miUgator in identifying subslab aggregate 
oomposiUon and soil companion requirements 
Both of these are usually found in the section 
detaiUng concrete work and/or fill (typically 
DMslon 3 . Concrete). The mechanical section 
(DfvisioB 15) summarizes the heating, 
ventilating, and air-condiUoning (HVaC) 
systems applicable to the buUding. This section 
will give details on the mechanical equipment 
and oflier design infbnnation that may or may 
not be fbund on the drawings. The electrical 
section (Division 16) summarizes the electrical 
system. 

Note: The specifications have 
precedence over the drawings if there 
are contradictions. For instance, it is 
unlikely that aggregate was provided if 



Table Al Radon Mitigation Information In Construaion Documents 

Information 



Specifications: 

Concrete (Division 3) 

Mechanical (Diviston IS) 

Elearical (Division 16) 

Drawings: 

Architectural 

Struaunl 

Mechanical 

lectrical 



SubsUb composition; aggregate identification 
HVAC system sununaiy, equipment identification 
Electrical system sufflmaiy. equipment identification 

lypical wall sections 

Foundation plan; fboting locations and communication 
ba/rien, subslab fill and material thickness 
HVAC system design; including duct system design, duct run 
length; suppty/retum flow design; fresh-air intnxlucUon; 
exhaust systems 

Electrical equipment design and location; conduit locaUon 
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the speciflciUoas do not call for it, even 
if the dnrwiagi show aggregate under 
the slab. 

A.1.2 Drawinp 

The drawings provide a wealth of information 
that may be useful for radon mitigation. The 
architectural drawings usually show a typicil 
wall seaion. SubsUb flU information is usually 
shown and labeled on this section. The 
structural drawinp include a foundation plan 
which locates footings of load-bearing walls and 
columns. This is useful when ideatiiying 
potential barriers to subslab. The mechanical 
drawings should include all plumbing and 
HVAC drawings. Supply and return dua runs 
show the amount of supply and return air flow 
serving a room or area. 9y simply adding 
together all of the flows, it can be determined if 
the room was designed to be under positive or 
negative pressure. Most sophisticated HVAC 
systems are designed to be balanced or 
pressurized in most, if not all, rooms. The 
drawings should note whether or not fresh air is 
introduced into the mechanical system and if 
room air is removed by exhaust Cans. 

The electrical drawings should be consulted to 
ensure that no unusual conduit routes (e.g., 
under the slab) are present in areas where the 
slab may be drilled (either for placement of 
suction points or fbr communication testing). 

A.2 FAN AND PIPE SELECTION 

SSD syittems in housei and schools require fans 
that are quiet. long-Uved, energy eflldent, 
resistant to moisture, and that have good air 
now at pressures around 1 inch WC A number 
of centriltigal duct eus maauCactund by various 
companies have the peifonuuce cbaracterisUcs 
required for bkm ndoa mitigition with an 
expected seivioa Wi of 10 to 20 yean. Fans 
that utilize the Tmntil (ha blade which 
surrounds the mout cu he awuated ia a 
variety of eacloiufei. SpedficitioBS of some 
typical ia-liae aad pedestal eui used ia radoa 
mitiptioa ate showa ia Table A.1 

The in-line (has are designed to be mounted 
between two sections of pipe. The (hn and pipe 
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are usually coupled with the black rubber pipe 
couplings fitted with suinless steel hose clamps 
that are used for plumbing pipe connections. 
These couplings are available in a wide varietv 
of sizes so that pipes and fans of various sizes 
can be coupled. Pedesul fans are designed to be 
mounted on a square base that can be 
ojnstruaed of pressure-treated wood. This base 
is atuched over a pipe penetration on a roof or 
a wall, and the fta is screwed onto and sealed 
to the base. 

In houses, mitigators often attempt to install the 
smallest, quietest, least obtrusive, lowest power 
SSD system pouible. Pipes are generally 4 
inches in diameter or smaller. Cans are rated 
generally less than 100 watts power consumption 
and move less than 150 cfim air at 0.75-inch WC 
pressure. In schools, however, the 
consideratious of noise, energy loss, and size are 
not tt Imporunt Larger Cans and pipes should 
be considered if they produce simpler and more 
effeaive mitigatioa. It is recommended that 
flre-rated PVC piping, Schedule 40 PVC as a 
minifflum, be used. 

Mitigatioa experieaoe ia schools, although 
limited, has showa that it is advisable to use 
fans that are at least twice as large (200 w and 
300 dim at l*iach WC pressure) and pipes that 
are 6-iach<*s ia diameter. The higher air flow 
requires larger pipe diameters so that the 
increased capadiy is not lost in pipe 
resistaace. For eaople, these larger pipes can 
be used to provide a low restrictioa manifold to 
the (ha that is ooaaccted to two vertical 4-inch 
pipes peaetratiag the slab. The 6-inch pipe can 
cany 300 cfn to the eui while each of the two 
4-iach pipes canfes about 150 cfhi. If the larger 
fans are attached directly to 4-inch pipes, then a 
large pan of the iaoeased Caa performance will 
be lost to flow resistanoe of the pipe. In 
summaiy, the larger slab areas (bund in schools 
nonaally require larger (has aad pipes for the 
most effective SSD iasuUatioas. 

Table A3 shows the dow resistance tor lOO-feet 
of pipe with dlaoMten from 2- to 6-inches. The 
length of pipe that would produce the 
equh^leat reslstaaoB of a system that contains 
pipe, pipe flttlags. aad subslab flow resistance is 
assumed to be about 100-feet, although typical 
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Table A.2 IVpical Fans Used for RadoQ MitigiUoa 



Fan 

Type 



Elec Noise Row* 
Power Level (cfm) 
(W) (sonea) 



Press. Max 
@No Flow 
(in. WC) 



Width Pipe Pipe 
Max. Diam. Length 

(in.) (in.) (in.) 



In«Uac 


40 




IK 


U.O 


In-line 


40 






0.7 


In-line 


40 






1 n 
l.U 


In-line 


90 






1 7 

1. / 


In-line 


80 






7 n 


In-line 


110 




iOU 


«.U 


In-lin£ 


lio 

A AU 






^ rt 
«.U 


In-line 


160 


45 


310 

Aw 


30 


In-line 


160 


4.5 


310 


10 


In-line 


200 


4.5 


456 


2.0 


In-line 


280 


5.6 


470 


2.0 


In-line 


250 


5.6 


470 


2.5 


Pedestal 


90 


2.7 


75 


0.7 


Pedesul 


90 


n« 


90 


1.4 


Pedestal 


90 


nt 


110 


1.4 


Pedesul 


120 


na 


200 


1.6 


Pedestal 


150 


ni 


200 


2.4* • 


Pedestal 


150 


Ml 


300 


2.8* • 


Pedestal 


175 


na 


530 


1.5 



8.00 
8.00 
&00 
11.50 
IIJO 
13.25 
13.25 
13.25 
13.25 
16.00 
16.00 
13.25 
na 
12.50 
14.00 
16.00 
12.5J 
16.00 
16.50 



4.0 
3.0 
5.0 
6.0 
6.0 
8.0 
8.0 
8.0 
8.0 
12.0 
115 
10.0 
na 
na 
na 
na 
na 
na 
na 



8.50 
8.60 
7.50 
9.05 
7.50 
8.25 
9.37 
9.37 
8.25 
12.60 
10.25 
9.64 
na 
8.00 
10.00 
12.50 
8.00 
12J0 
13.00 



flow measured at 0.75 inch WC pressure 
INFELHEC measured value 



Table A3 Air Flow Resisunce in 100 Feet of Round Pipe 



Flow 
(eta) 


2-iiL Pips 
(in. WC) 


3 in. Pipe 
(in. WC) 


4 in. Pipe 
(in. Wq 


6 in. Pipe 
(in. WC) 


10 


034 


0.04 


0.01 


0.001 


15 


a72» 


0.06 


0.02 


0.002 


23 


IJO 


0.1* 


0.06 


0007 


SO 


&30 


f.83« 


020 


0.030 


100 


2100 


2.90 


a69* 


a090 


200 


7&00 


lOJO 


140 


0300 


300 


164.00 


21.60 


5.10 


0.670* 


400 


27&00 


3e.40 


8.60 


1.100 


500 


414.00 


55.40 


13.00 


1.700 



Tlieie values show the approximate flows for each pipe 
tor which the resistance is closest to a75-iiich WC 
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mitipUoa systems usually do not have pipe runs 
of more than AO-tm. For esample, if a 
particular ftn dnn 310 eta at 0.7S-inch WC 
and 100 feet of 4>iDCh pipe has a raisunce 
close to S.l-inches WC at a flow of 300 cftn. it 
would be advisable to use d-inch pipe to avoid 
wasting man of the bn power on pipe 
resisunce. However, large pipe is unnecessary 
if little or no subslab air How due to low 
subslab permeability. Pressure drops caused by 
bends (e.g., elbows) in the pipes should also be 
considered when designing the SSD piping 
system. 



A.3 DUGNOSnC MEASUREMENT 
TOOLS 

Several types of tools are useful in gathering 
diagnostic dau in schools. They include an 
electriC'pneumatic hammer drill, a large shop 
vacuum, a continuous or grab*sample radon 
monitor, a sensitive pressure measurement 
device, an air-flow indicator, and an air-flow 
meter. 

Depending on the number of schools to be 
mitigated in a given district, it may be 
cost-effective to purchase some of this 
equipment or it may be more practical to 
employ the services of an eiipertenced radon 
mitigator. It may be possible to purchase some 
of this equipment from experienced mitigators 
in the area or they may be able to recommend a 
local source for purchase or rental of radon 
mitigation suppUei 

AJ.1 Small Hammer Drill 

Drills capable of drilling hdea thiough concrete 
slabs of at least 3««- to l-inch in diameter are 
useful for subslab pfenitre, coafflttnicaUon, and 
radon measttieoMM. The sncdon hole should 
be 1-inch or laifir it diameter* and the 
communicatioa mt hotel an vstially 1/4- to 3/8- 
inch in diaaaeter. Hm ioopeBSiwa beauner 
drills sold in hardware itorei are often 
incapable of drilling t&iou|h ooaerett which has 
hard aggrefite embedded in IL Professional 
quality, lightweight hammer drills with spline 
biu are reenmmenrtedi Hili type of drill costs 
approximately S2Sa 



A.3.2 Vacuum 

Most of the shop-type vacuum systems can draw 
a vacuum of 60- to 120-inches WC and have a 
maximum air flow of about 100 cftn. This is 
quite adequate Ibr inducing flow through drilled 
holes approximately 1 l/2.inches in diameter for 
communication tests. These vacuums are 
available for S40 to S2S0. 

A.3J Continuoua R«4on Monitor 

Continuous ndon monitoring (typically 
averaging at 1-hour intervals) is very useful in 
evaluating the effecu of HVAC interactions on 
school radon levels. Pylon, Femto Tech. and At 
Ease are types of continuous monitors 
commonly used. A number of school systems 
have purchased continuous radon monitors to 
aid in their school mitigation work. A 
continuous monitor allows each stage to be 
evaluated quickly when mitigaUon is performed 
in suges or a number of rooms need to be 
measured. 

AJ.4 Grab^mpfg Radon Monitor 

In order to map sub-slab radon, a radon 
monitor is needed that can pump a sample into 
its measurement chamber and hold it long 
enough for a measuremenL It is veiy 
convenient to use a Pylon AB-S monitor which 
has a built-in pump and scintillation counter 
although a separate pump, Lucas cell, and 
scintillation counter can be used. This 
instrument can be used to take grab samples 
Crom holes for subsequent counting, or it can be 
used for continuously 'sniffing* from a series of 
holes. Hie Pykm system coats about S4S00. 

AJJ Pteaiure Otufe 

A sensithw pressure puge is necessaiy to 
measure the premure fields generated by SSD 
systems. Prcasure differentials u low as 0.001- 
inch WC arc common. The most sensitive 
Dwyer Magnahelic pressure gauge, which costs 
about S50. is sensitive only to about O.OMnch 
WC Tint slattt>tube manometer is difficult to 
read, to set up, and to tnnsport It costs about 
SlOD and haa a sensitivity of about 0.001-inch 
WC The best tjfpe of preuure puge for these 
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measuremeott is the electronic digital 
micromuometer wUcb cu read from O.OOi. to 
aSilt $?50a 1^ mlcTomanometeis cost 

A.3.6 Air.Raw [ ntffn^yn 

The direaion of pressure or air flow in a test 
nole can provide an indicaUon of system 
performance even if it cannot be measured. 
Smoke pencils or guns are most commonly used 
as flow or pressure fndiciiorL TTie smoke is 
generated by a chemical reaction with the 
moisture in the air and has an acrid odor 
because of its high add content Chemical 
smoke is used because it is not associated with 
heat: therefore, it wUl respond jiore accurately 
to m'nlmal air flowi Tht smoke pencils cost 
about $3 to S4 each and can last a couple of 
hours if th^ are used careAilly. A reffUable 
smoke gun is also available ibr about $70. 

A.3.7 Air.Plomf ^f^^f 

Measuring air flow through HVAC registen 
l^^allS.* 12?^ fron S1500 

l?J^L ««« commonly 

«»ed to balance air flows in large buildinn. For 
air flow measurements in ducts or pioes. a Pitoi 
tube (about $20) ctt be us«l in coSjStton 
with a sensitive pressure gauge. Alternatively, a 
K^fJU^W^^ ^ anemometer, costing about 
S'OO to $1,500. can be used. Pinwheel 
anemometers, vorto sbedders. and mass flow 
sensois are examples of other air-flow meten 
that can also be used. 



A.4 INSTAUATION TOOLS 

Most of the tools used for installing radon 
mitigaUon systcai an ooaventkwal tools used 
by home im prm w u t coatwcton. Hie only 
speciAiized tod thtt aqr be nqnired is a driU 
to cut 4. to 6.|aei feota ihiovgh the conoete 
floor slab. The foOowiaf optiott are available: 

Use a large roiiiy hafflfflcr drill, costinc 
about $40a which h« a chisel actiOB 
and regular driU bits. Bspcrteace shows 
that in about 20 minates this drill can 
make a large hole by diilling a drcular 



paitem of smaUer holes and punching 
the core out with the chisel. * 

i!!* ILf*""" ^'f 11 with a carbide core 
bit TTie carbide core bits are expensive 
(•« much as $800) and may not ^ 
available for your drill in larger size 

JJr ^miiss;."" • '^'^ 

Use a core driU with diamond bits and 
water cooling. TTJis equipment costs as 
much as $2000 and is veiy heavy and 
bulky. However, it is the fastest way to 
<WU precise holes in concrete. 

JS.,^**- ^ economical to hire 

a core drilling company to come to your 
location with a diamond core drill if you have a 
number of holes to drill 



A.5 SCHOOL SSD INSTALUTION 
VAMATIONS 

AU SSp installations should have the exhaust 
pipe eriUng the buiMing Shell TTie fan should 

SL!r?!I"i!lf ? ^ P'P" ^he building 
sheU to twkl kakige of the ndon.faiden air 

nSJSSfJ' 2f 0' from the exhaust end 
pipe which is under positive pressure. EPA 

installed above roof level and be situated to 
awld uy (NMsibte human eipoeure to high 
radon levels nrom the SSD vented soil gi. For 
aiv type of ftn mount, canreme care should be 
tm to prevent high oonoentnticns of radon 
from re-entering die building through HVac 
freshjair intakes, windows, doors, or any other 
opeiUngs to the buikling interior. Following 
are the types of installations, and their 
advantages and disadvantages, which have been 
used in schools. 

A^'l Pedestal Fiit on Ro^f 

In titis type Of installation tiie pipe penetrates 
the roof and oonaecis to a pedestal frin. 
Iwdvtntngss of Uiis type of installation are the 
need to ooMtmct and seal a pedestal on the 
roof for the eu to be mounted on and the need 
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to cut a hole iB tlie root (This may lead to 
roof leaks or nay iavilidate warranties on the 
roof.) AdvanuiH are a vertical pipe run 
without high rcaimaee bends, and the low 
visibility (aesUMtici) of the installaUon. 

A.5.2 tn.Llne Fan .^(^^ 

In this type of installation the pipe penetrates 
the side wall and an in-line fhn is mounted 
vertically on the pipe. Disadvanuges of this 
type of insullatioa are the necessity of securing 
the fan and the pipe and the potential for 
damage or injury if someone climbs the pipe. 
Advantages are the ease in venting above the 
roof line and the tta that the roof is not 
penetrated. 

A.S.3 Pedestal Fm on Sida Wall 

In this type of insullation the pipe penetrates 
the side wall and discharges horizontally with a 



pedesul fan mounted on the wall. A significant 
disadvantage of this type of insullation is the 
possibility of someone coming into contact with 
the discharge if the fin is not mounted high 
enough or radon (Tom the discharge leaicing 
bKk into the buUding through HVAC fresh-air 
intakes, windows, doon, or any other openings 
to the building interior. An advantage is the 
lack of roof penetration. 

A.5.4 In.Une Pmn ^bove Siupgnt^y^ ri»j||pf 

In this type of installation the pipe penetrates 
the roof and oonnecu to a fan which is 
mounted inside the building above the 
suspended ceiling. ITiis is generally not 
acoepuble because of pouible leakage from the 
fan or exit pipe inside the building. Aiiy radon 
leakage oouM be distributed throughout the 
building if the area above the suspended ceiling 
Is a return plenum for the HVaC system. 
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APPENDIX B: SCHOOL MITIGATION CASE STUDIES 



These case studiei fllustnte the sused approach 
that characterize! naay radon miUpUon 
projects in large buildlnp and complex houses. 
Instead of tryin| to soKe the radon problem in 
an initial step, most of these projects consisted 
of multiple stages where one solution was 
attempted and then the results were evaluated 
before initiating the not stige. Hie case 
studies show ocamplei of tbe siep«by-step 
procedure forradon redualon fa schools. Some 
of these projects (Schools A, B, C D. E F, O, 
and H) were previously documented in the 
technical paper 'Radon Reductloa Systems in 
Schools" (Sauffl. Craig, and Leovic). 

School At Pring* C#oi» — 'i County^ 

This school had a sophisticated dual-fiin HVAC 
system that produced unbalanced flow and 
exacerbated a radon problem in several rooms. 
Sealing of cracks and replacement of the HVAC 
fan were tried without much eflfea on the radon 
levels. SSD systems wUl be installed in the 
rooms with the highest radon levels since the 
problem of room depressurization could not be 
readily eliminated. 

A.1 School Description 

The school building, which was built in 1969, is 
two'Story. slab^n^grade construction. It uses a 
large dual-bn air handUag system for HVAC 
Each room has separate s«|^ly and return 
louvered vents in the sttspeaded ceiling, llie 
HVAC system is designed to operate 
continuously during occupied hours and to 
provide positive pressurizatioa in all rooms. 

A.2 Initial Radon Tests 

Radon levels in ^ school were iaitiaUy 
measured in Fiteiiiy 198a. One classroom 
tested above 40 pCI/L, a teacben' lounge tated 
above 20 pO/L, and several other dautooms 
tested between 4 and 20 pOA* 

A.3 Building Plan Inspectloa 

The foundation drawinp call for a 4-inch gravel 
bed and a 6-mil plastic vapor barrier under a 



4.|nch slab. A vinch expansion joint runs 
across the entire building. The footings run 
below virtually aU interior and exterior walls 
Square footings suppon columns. 

TTw HVAC system Cans have a rated capacity of 
51,000 cfm of air supply and 34.000 cfm of 
return air. This would result in positive 
pressura in all rooms if the system were 
properly balanced. 

A4 Walk-Through Building Inspection 

EaminaL*on of the air^handling system showed 
that the air supply An had been damaged and 
part of the housing cut away, this resulted in a 
great loss of capacity. It was determined that 
the distribution bn was aaually supplying less 
air than the return air l!in was removing; this 
resulted in a negative pressure in many rooms. 

Tbe room with the highest radon level had the 
greatest neptive preuura and also had a very 
targe floor-to-wall crack along one wall. This 
panlcular floor-to-wall crack was an expansion 
joint where two parts of the building were 
joined. Hie expansion joint had disintegrated 
and the two building sections appeared to have 
separated an additional »>inch, leaving a full 
l-iach pp between the floor and wall. This gap 
was concealed by an aluminum angle iron 
installed wbea the building was built. Ilie 
expansion Joint and the angle iron continued 
vertically up both corners so thai they were 
serving as an esipansion/contraction joint 
between the two parts of the building. 

AS Pre-Mitiption Oiagnostia 

Pressure measuremenu indicated that many of 
the rooms were under neptive pressure when 
both the supply and return tisas were in 
opentkHL the room with the highest radon 
level meararK! a060>inch WC neptive pressure 
(reteihue to the subilab). "nere was a good 
correhiiioo between neptiva pressura and radon 
levels in all rooffls, with the highest radon levels 
in the rooms with the higheat neptNe 
preisttrca. All rooms in the school with any 
amount of positive pressure had low radon 
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levels. Subslab ndoo leveU were about 500 
pCi/L in all rooan. When the return air fta 
was turned oft the preuuie in aU rooms 
became poiiUve and rMon leveto decreased to 
less than 2 pCl/L 

A.6 Temporaiy Mitigation 

As a temporaiy solution to reduce radon levels, 
the return air fan was left off and the HVac 
system operated with only the air distribution 
fan. Under these conditions aU rooms showed 
positive pressure and had radon leveU below 2 
pCi/L 

A.7 First-Stage Mitigation 

The floor-to-waU building expansion crack was 
sealed with a backer rod and polyurethane 
caulking. This sealing decreased radon levels 
only slightly when both Cans were off. which 
indicated that there were other soil gas entry 
points in the room. This poor result from 
sealing a major crack wu surprising because 
this crack was about Mnch wide and soU gas 
with 500 pCi/L flowed out of it when the 
pressure was neptive. 

A.8 Second-Stage Mitigation 

Uttle effect was seen on the negath« pressures 
in the problem rooms although the damaged 
supply fan was replaced. BuUding personnel 
have attempted to identuy the ause of the flow 
imbalance to these rooms. This will be further 
investigated. 

A.9 Third-Stage Mitigation 

A decision wu made to install SSO systems in 
the two rooms with the highest radon leveb 
since an HVAC aodillcitioa wm not found to 
scWe the negaHwi praiwe piobleffl in the 
rooms. Inttallilta of SSDsyitems would also 
reduce radon einy «bei the air handlen are 
not operating dtttftig eight or wwkead setbacks. 
T3B eins were ioitilled oa 6>iach pipes in the 
two rooms with the highest radon levels. The 
return air grill wes permanently disconnected 
(torn the return air dua in the teacher's k)un|e 
to aUeviate the problea there. Since the touoge 
is used for smoking, it is probably not a good 



Idea to recircuUte the air. The return flrill is 
now direaly vested to the outdoors. 

Twuibiil**""" ***** *" 

A. 10 Gonclustons 

Although mitigatfon of this school is not yet 
complete, SSD in this case appeared to be a 
more reliable solution to the radon problem 

°' "^AC modifications. 
SSD should soh« the radon problem both 
during the day while the HVAC system is 
turned on and during the night when u is 
turned oft 



School Bi WMhtiwt^ y^ pty. 1^ 

TWs is an example of a school with a complex 
radon problem that was mitigated in multiple 
steps. A large number of SSD suction points 
had to be used because of the school's implex 
footing sinieture and poor aggregcte. The 
mitipUoa perfornanoe was evaluated by 
retesting aa each suction system was insuiled or 
improved with a larger fu. larger pipe, or 
larger suhilab cmrity. With hindsight It is dear 
that some of these steps could have been 
consolidated; radon miUf«*ion is not an exact 
science and it is oftec u^nefldal to try a simple 
solutton and evaluate the resulu before 
continuing. In this case, the simplest solution 
was installing a single suaion point in the 
center of the basement slab near the highest 
ooncentratiotts ofsubsUib radon. Although this 
single suctfon point did provide considerable 
radon reductfoa in the basement, it was 
neceasaiy to iastaU several other sucUon points 
around the edgea of the slabs to bring the levels 
weU bekm 4 pCi/L 

B.1 School Description 

This U a smaU school, 80 by 1-50 feet, built on 
the side of a hilL Hie school has a 21 by ISO 
foot walk-Ottt basement afong itt tower side. 

unemvited area is slab^>n.grade. with the 
slab cAendittg over the basement area and 
resting oa steal-bar joists. Hie foundation wails 
are constructed of concrete btocfcs. TTie interior 
walls of the besemeat support the end of the 
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bar Joiitt tad the slab. This wall is not painted 
or waterproofed OB either side. Separate 
single-fiiB. roof«aoaated HVaC systems with 
ceiling'inouiited doet work are provided for the 
basement and upnairs. 

B.2 Initial Radon Tesu 

Charcoal anister measurements uken over a 
weekend in March 1988 averafed 10.5 pCi/L in 
the buement and 4J pO/L on the first floor. 
It is unknown how the air handlen were 
operating durinf the test All rooms were 
retested over a weekend in May 1988 with air 
handlers turned oft Measurements ranged from 
78 to 82 pCi/L in the basement and from 18 to 
33 pCi/L on the flnt floor. 

B J Building Plan Inspection 

The building piins indicate that the first floor 
and unfinished easement were constructed in 
1971. In 1976 the basement was converted into 
classrooms and a slab^)n*grade greenhouse was 
added. The foundation plans show a complex 
footing struaure upatain that would limit the 
extent of preasuf e fields from SSD sjitems. 
There are, however, basement footinp at the 
periphery of the slab which would allow any 
basement SSD preuure fields to be limited only 
by the aggregate porosity. One spedflcation 
notes that *compkted flU. prior to toying of 
floor stobs. shall have density and oompreash« 
value of not leu than 95% of the normal 
undisturbed soU valueu^llw flU directly under 
concrete slabs on grade shall be dean crushed 
limestone: 1/2 in. minimum, 1 in. nuudmum size 
leveled, compacted to 4 in. "it n ^i n u w thickness 
or as shown on dnwings.* No soil teat results 
are provided. 

B.4 Walk-Httough Banding Inspection 

The upstain and dowaataln are mostly open 
areas subdMded hf aovaUe low partittons. 
The HVAC stippty tad retun grills are 
posittoned so that then are only a flew offices 
and storage areas where the HVAC system 
could cause depresgurizatioa. No major radon 
entry routes were noted other than tjqpical small 
(1/8-inch) cracks b et we en the walls and the floor 
slabs and expansion joints. 



B.5 Pre*Mi;i^tion Diagnostics 

Radon mapping wis conducted by drilling small 
holes in the floor and walls and "sniffing* wiih a 
continuous radon monitor. These tests resuiiea 
in measuremenu of about 1500 pCi/L in the 
floor and block walls around the central stair 
well Other floor and wall samples were below 
500pClA. 

Hourly continuous radon monitoring over 
several weeks showed that radon levels were low 
wben the HVAC systems were operating. 
During nights and weekends when the system 
was in a "setback* mode, radon leveb rose quite 
rapidly to as high as 150 pCi/L downstairs and 
80 pd/L upstairs. Pressure measurements 
through holes in the stab showed that the 
HVAC systems resulted in small positive 
pressures within the building that provided 
complete remedtotion as long as they were 
operating. However, the HVAC Euis only 
operated when heating or oooUng was 
demanded: during mild weather they seldom 
operated. The March charcoal measurements 
were made during coM weather that probably 
required more HVAC operation than the May 
tests which showed much higher radon levels. 
Communication teats showed that a trace of 
suction oonid be measured across 20-feet of the 
center of the basement floor and in the nearbv 
walls. This suction confirmed that some 
aggrepte was present, that the permeability was 
marginal, and that an SSD system might be able 
to produce significant mitiption. 

B.6 Temporary Mitiption 

When the radon problem was discovered in 
March, the students were moved out of the 
basement da»rooms where the levels were the 
highest Testt in May showed the levels 
increasing upstairs, probably because of the 
diminished cycUng of the HVAC system in mild 
weather. For temporary mitigation, until the 
school reeesaed for the suAner, the HVAC fans 
were turned on oootinuously both upsuirs and 
downstairs when the building was occupied. 
Although this provided complete mitigation 
under spring conditions, it was not considered 
an acceptable permanent solution because of the 
increased wear on the HVAC flsns and the 
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unknown level of performance in the winter, 
fiven with clOMd freHi-air danpen, a very sUsht 
positive preuure wtkh produced complete 
remediation wu fnented la the buUding. if 
HVAC miUfitfcm hiid not been poHible, one 
option mifhi have been to install a large 
portable (an which would have been uied to 
blow air in through an open door while classes 
were in session* or the school might have been 
closed early for the summer. 

B.7 Firsi^tage Mitigation 

A 4-inch diameter suction hole was drilled 
through the slab in a centiiUy located basement 
closet near the highest subslab radon 
measurements. The aggregate exposed by this 
hole was about 4-inches deep: it contained fine 
material which limited iu permeability. A 
l-foot diameter aviiy was excavated in the 
aggregate and a 4.inch diameter suction pipe 
was installed acrou a dropped ceiling, out a 
back wall on the dowahiU side, and vented up 
above the roof line. Larger 6>inch diameter 
pipe would have been installed to allow more 
air flow and a bigger tt% but the clearance 
above the suspended oeillag was too tow. a 
Kanalflakt T2 ia^lioe Cui was coupled to the 
pipe to provide about l-inch WC of suction in 
the subslab cavity^ After several days of 
operation, a continuous radon moaitor showed 
a drop in the basement radon to about 40 
pCi/L These teats had to be made during the 
weekend when the tempoiaiy mitigatioa scheme 
invoking the HVAC system could be 
discontinued without cxpoaiuf the students to 
high radon levels, llie upstairs levels dropped 
to about 20 pCi/L (AU air-haadlen ««re oft) 
These results suggested that the SSD system had 
a signifteant efltoct on the major radon source in 
the buildings but other souieea leaulaed to be 
miUgated aad/br tfei mala souroe was not 
completely — " 



B.8 Seraad-8ta|B MItlpttoa 

I J order to improve the perfomaaoe of the 
single suction-point system, the subalab cavity 
was expanded from about l-fioot ia diameter to 
about 2 by 3 fset This sigaifloutly increased 
the air How is indicated by a drop ia cavity 
preuure from about 1- to OiS-lach WC It also 



doubled the pressure field under the slab as 
i^,^ pressures in a hole 

n a':?' o'L?* P®'"* increased from 

0.012. to 0.02S.lach WC Radon levels upstairs 
and downsuiis also decreased sUghUy. 

B.9 TTUrd-Suge Mitigation 

J5 m «*«?P« «he performance 

l^/^**.*"*"* *^»««» thV basement. 
!S?B*"J!?*.*~'^ • Kanalflakt T2 to a 
jya, lUs increased the suaion in the aviiy 
from Oi. to 0.7.Indi WC which wu not as laree 
as might be expected since the T3B is capable 
of moving more than twice the air flow of the 
T2 at the same pressure. TTie increase that was 
smaller than expected in subslab pressure is 
probably due to the flow restricUon and 

pressure lott in U« <,inch diameter pipe. A 
sUght decrease in rauon levels was noted, but 
the levels downstairs and upsuin were still 
aboui 20 and 15 pCi/U respeaively. after the 
HVAC Cins were off for 24 hours. 

B.10 Fourth-Sttge Mitigation 

Since some ladon was thought to be coming 
from under the flm floor slab, a suction system 
was issuUed near tha woodworking shop where 
the highest upstairs subslab air measurements 
had been taken. A T2 8sn and 4.inch pipe were 
iastalled aad a T fitting was coupled to the 
pipe aad sealed so that a seoond socUon point 
coukl be added to this qistem. The subslab 
aggregate was found to be only 2 inches deep 
aad ftUl of flae material, limiting its 
permeability. Continuous radon measurements 
showed very Uttle change after the system was 
turned on. 

B.11 Fifth-Stage MiUgation 

To improve the performance of the upstairs 
system, a second suction point was insulied 
about 20 feet away from the first In addition, 
the (ha waa replaced with a T3B and the pipe 
near the ba was replaoed with 6.inch diameter 
pipe to haadle the increased fiow from the two 
suctioa pipea. The iaitial suction point cavity 
beneath the slab was iacreased from 1-foot in 
diameter to 3 by 2 feet to iacrease the subslab 
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air flow. A sU|hi decrease in the upstairs radon 
levels wta oburved. 

B.12 Sinli-Staie MitiptioB 

In order to complete the nJtlgatioa system 
downsuirs, two more suctiea systems were 
installed at the ends of the bascmeoL These 
systems used 4-iflch pipe and T2 Cins, wjth 
about 1-foot avities is the aggregate beneath 
the slab. In additlOB, aU three downstaiis 
systems had T* flttiogs installed in the pipe 
about 6>feet above the floor, horizontal 4-inch 
pipes penetrated the hollow concrete block 
walls. Unfortunately, the wall suction created 
so much air flow in the pipes thai the subsiab 
cavity pressures in aU the systems feU to about 
0.2-inch WC and the continuous radon monitor 
in the basement showed that the net result was 
a significant increase in basement radon. 

B.13 Seventh-Stage Mitigation 

When the w&ll suction pipes were cut and 
sealed, the subsiab cavity pressures in aU the 
systems rose to about a7-lBch WC and the 
basement continuous radon monitor showed 
levels below 2 pCI/L Pressure field 
measuremenu in the basement showed 
measurable depreuurization under all of the 
slab. 

B.14 Eighth-Stage Mitigation 

The upsuirs radon levels were still observed to 
range ftom 4 to 10 pCl/L, so three more subsub 
suction poifltt were installed along Uie uphill 
side of Uie upsuirs slab, lliese systems were 
separated by about 30 ftei and consisted of 
6-inch pipe wiUi two poiais manifolded to a T2 
fan and a third oooaacted to a 0V9 
wall-mottoted fha tfcat dtschaifed horizonuliy 
about 10 feel off ifet froaad. 

B.15 NiaUi-Sl^ MItiptioa 

Continuous radoa aeasureaents showed that 
some peaks above 4 pO/L were associated with 
the greenhouse area which had tr«9 of the tiiree 
new suction points. After the Cu on these 
points was increased to a T4. the radon levels 
remained below 2 pCi/L 



B.16 Cost Estimates 

The cost tttimates given below are higher than 
the actual apeascs because of the research 
nature of this project, but the following 
breakdown may be usehil: 

1. Labor for SSD insuilations: 

6 SSD Systems @ 2 person days per 
system « 12 person days. 

2. Partt cost for SSD insuilations (fans, 
pipe, electrical): 

6 SSD Systems @ S50Q per system » 
S3,000. 

3. Labor for post-mitigation testing: 

9 suges @ 0.3 persoa day for 
distribution aad pickup « 4.5 person 
days 

4. Charcoal canisters for post-mitlgatlon 
testiag at each suge: 

9 suges with 10 canisters each @ SIO 
per canisur • S900 

5. Pre-mitigatioa diagnostic work by 
e9q}erienoed home mitigator: 

2 days O SSOO per day « SIOOO 

6. Continuous radon monitoring by 
consulunt to monitor progress: 

30 days ® $100/ per day » $3000 

The total is 16J person days of labor and 
$7,900 ia parts and consultant fees. Since 
conUauoiis radon monitors are available for 
abool S3000, it may be coal effecthw for school 
systems with eaticastve radon problems to 
purchase their own monitors. 

B.17 Coadttsioa 

Houses with asarghul subsiab porosity can often 
be mitigated with SSD if enough suction points 
caa be iastalled. lUs school required a similar 
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miligatioo syitem. Winter testing with long 
term alpiia>tnck monlton saeiuuretf b«iow 4 
pCi/L with Boit of the rooms meuuring below 
2 pCi/L Pressiiie fiQfes were placed on most 
of the suction pipM so that the tin performance 
can be quickly checked. 



School C! Washington County. MP 

This suocessfkil school mitigation project is an 
example where large SSD fins can be used to 
mitigate large slab areu with 6>inch diameter 
pipe used as a manifold to connect the fux to 
several 4-inch diameter pipes that penetrate the 
slab. 

C.1 School Description 

This entire school building is slab^n-grade with 
block walls and no utilitlei below grade except 
sanitary sewen. The original building was 
constructed in 1956 and has four area air 
handlers for heating and ventilating with a 
central boiler room. A classroom wing was 
added in 1968 and unit ventilators were used in 
each room. No pan of the building is 
air*condltioned. 

C2 Initial Kadon Tesu 

Elevated radon levels were found in the locker 
rooms on each side of the gymnasium in the 
original building and in the new classroom wing. 
The April 1988 screening testa with charcoal 
canisters showed that 21 of 72 tests were above 
4 pCi/L: 7 were above 8 pCl/L, and 1 was above 
20 pCi/L (26.7). The highest levels were in the 
new classroom wing. 

C3 Pre-MitlfUfoa Oiipoatici 

Although the loctaf fooos aad sfmnaslum ate 
on the same air feMdlir, the gymaasiua 
measured 1 J pCUL whnwa the girH' locker 
room measured 49 to 63 pO/L aad the boys* 
locker room meisvied 5 J to 19 pO/L Further 
examinattoa indlctted that each tocker room 
area had a large exhaust t»n to remove odors 
and shower stein. OUfeiential praHiue 
measurements (using a micromaaoaeter), with 
the air hiadler and csthaost Cus operating, 



correlated with the radon levels showing that 
the gym pressure was slightly positive, the girls' 
locker room area slightly negative, and the bovs' 
locker room area signlficant^r negative. 

In April 1968 weekend charcoal canister 
measuremenu were made in the new classroom 
wing with the unit ventilatois turned off. All 
rooms but one were above 4 pCi/U a room in 
the northeast comer of the building measured 
26.7 pCi/L. Radon levels decreased from north 
to south la this wiag as did subslab radon 
levels. A ooatlnttous radon monitor was placed 
in the room with the highest radon levels. 
When the unit \«ntilator was off, levels above 
20 pCl/I« were reached nightly but remained 
below 2 pO/L when the unit ventilator was 
operating continuously. Pressure measurements 
made with a micromanometer confirmed vhat 
the unit ventilator was preuurizing the room 
slightly. 

C4 FIrst-Suge Mitigation 

Constnciiott plans showed that each locker 
room area was a continuous slab with aggregate 
beneath it As a result, a ^inrh subslab suction 
point was placed in each of the two locker 
room areas with a Utoot diameter subslab hole 
and a Kanalflakt OV-9 (hn (rated at 200 cfm at 
0.7S inch sutic pressure). Borh locker room 
areas measured less than 4 pCi/L with the 
exhaust ftns aad the subslab depressurization 
systems operr^gi 

In the new wiag. the unit ventilators are turned 
off at night esnept ia enremely cold weather 
when thqr are cyided. It was deddM to insull 
two sahalab deprasnriatioa points ia this wing 
to provMe midptiOB when the unit ventilators 
were not opeiMML The two 4-ineh pipes were 
installed ia the hall aad manifblded with an 
above«ceillBg ^iaeh pipe naaiag to a 
Kanalflakt OV-12 tea (rated at SIO cfim at 0. iS 
inch static pranara) at the nonh end of the 
buUdiag. Oat suctioa poiat was installed with a 
S'lbot diiflMiar sahslab hole abont 20 feet from 
the «MBt ead of the haU. The other suction 
poiat wae iastalM with a Mbot diameter 
subalah hole ahoat 60 (bet tnm the end of the 
halL Pwanre field cgncaskMi measurements 
indlated that the rwo flekb overlapped; all slab 
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areas of the wing, enept the most southern 
classrooms, weie dcpreuurlzed to the outside 
walls. 

C5 SeG0Bd4tt|e Mltiption 

Since the new wing pressure field enension 
around the l*root dlimeter suction hole was not 
as great as around the 3<root suctton hole, the 
l-foot $tt*«lab suction bole was increased to 3 
feet in diameter. This egnended the measurable 
depressurization area by 10 (iBet to the south, 
which wtt sufficient to reach the last two 
classrooms. The amount of depreuurization in 
the test holes in all directions around the 
suction point was doubled. With the subslab 
depressurlation system operating, radon levels 
were below 4 pCi/L in all classrooms with the 
unit ventilator fans ofL 

C6 Conclusion 

This school was relatively simple to mitigate 
and, although the subslab communication was 
not v*ry good due to low quality aggregate, the 
three SSD systems performed adequately 
because of large hns, large diameter pipe, and 
large subslab suction pits. 



School Di WMhlntan CooiHr. MP 

This successAU school mitigatioa showed that 
schools with radiant beating coils in the slab 
can be mitipted with SSD if a deep layer of 
aggrepte is under tbe slab. Hie project was 
expecMd to be difflcolt because of the Umited 
number of places where the slab could be 
penetrated withov t Um danfer of drIlUflg 
through a hot water pipe. A aeimer section of 
the school, heated witk oalt veatilators, was 
mitigated with mo mUi-poittt SSD ^tems. 

D.l School Ducri pti o u 

The original buOdlag of this school was builr. in 
1958 and is heated with hot water radiant heit 
in the slab. In 1978 a kindergarten room was 
added in an off set to the original building, and 
a separate building (Building B) was built whiiUi 
conuins four classrooms, a libraiy, a teachers' 



workroom, a conference room, and restrooms. 
The kinderganen room is heated with hot water 
radiant heat, and the new building is heated 
with unit ventiUtors. Office space in the 
original building is air-condiUoned with a 
wfndow unit No other area of either building 
is air<«onditioned. 

The original building has two 3600 cfhi 
roof-mounted Cus that can be used to exhaust 
air in plenums over the haU ceiling. Each room 
has a ceiling vent which oonnecu to these hall 
plenumi However, the exhaust bns are never 
used. Consequently, the building has no active 
ventilation system. 

D.2 Initial Radon Tests 

All rooms in both buildinp were tested with 
charcoal canisters over a weekend in mid-April 
Of 24 tests, 21 were over 4 pCi/L, 16 were over 
8 pClL, and 3 were over 20 pCi/L The eight 
rooms in Building B measured between 17 and 
20 pCi/L It is believed that the unit 
ventilators were off during the testing weekend, 
but this could not be eonnnned. Seven tests in 
the classrooms, library, and multi-purpose room 
in the original building measured between 12 
and23pa/L 

D J Building Plan Inspection 

Plans showed that the initial building and 
kindergarten addition had 6 inches of aggregate 
under a 6-ineh thick slab containing hot water 
pipes for heating. Building B had 4 inches of 
aggregate under a 4-inGh slab. 

D.4 Pre-Mitiption Diapostia 

A oontlnuoua radon monitor was placed in one 
of the classrooms la Building B to measvie the 
effect of unit ventilator operatkin on radon 
entry. It waa found that radon levels would rise 
overnight to above 20 pQ/L with the ventilator 
off but would remain below 2 pO/L with the 
ventilaton operating. Again, this shows that a 
unit ventilator can reduce radon levels by 
preuurizing the room sliptly. When run 
continuous^ this type of unit ventilator can 
prevent radon entry. 
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0.5 Fint4u|e Mitiptioa 

Since the Buildlof B ventllaton are off during 
night setback, a fMr-point, iwo-fliB subslab 
depressurizatlOB lyitem was iuulled to redi«e 
radon entty. Tht riien are 4.tnch pipes 
connected to two 6-inch manifold pipes above 
the dropped ceiliog. (Two risen are manifolded 
to each pipe.) A Kanainakt OV-9 (bo (rated at 
200 cfn at 0.75*lnch sutlc pressure) is used to 
exhaust each system. Pressuie field exut&slon 
measuremenu indicated that subalab 
depressurizatioB onended SO feet, the minimum 
disunce neoessaiy to reach all pans of the slab. 

With the Building B subslab system operating 
and the unit ventilators off. all <'Ooms .emained 
below 4 pCi/L However, based on the 
pressure fleld extension measuremenu. the 
systf m may be of marginal value during ooM 
weather. If radon levels rise above 4 fcUL it is 
believed that subslab depreuurfzatioa can be 
improved by sealing the floor-to-wall opening. 
A vinch expansion Joint around all of the sUbs 
in the building is dctertoratlBg. leaving 
signiflcant opealnp to the subslab. This 
probably leads to some short'drcuiUng of the 
subslab depressurizatlOB system. 

D.6 Seoond«Suge Mitigatton 

Subslab suction on this original building (the 
intra-slab radiant-heat buildisg) was a challenge 
since construction plans showed tliat the hoi 
water pipes in the slab were sepaiated by no 
more than 15 inches over the entire building. 
As a result, it was dUBcult to tocate an area 
where a 6*inch subslab sudioo poiat could be 
put through the slab without msoiBg the risk of 
damaging a hot water pipe. BuikUag plans 
identified a 3-fooi square ana witteut water 
pipes in each rooB. A iMla wai focoecsfiiUy cut 
through oae of tl«a aiaai. TIm plaai indicated 
that the aggrepM wm a aialntta of 6 inches 
deep, much dee p w ifcaa at any otbar school 
examined. A 64aeh nedoa polat was iastaUed 
with a 3-foot dlBfflttar hole with a Kbaalfiakt 
KTRISO-S eui (latatf at 510 eta at a75-iBCh 
static pretture). Pressure field atteasioa was tu 
greater than expected; depresaurlatloB ooukl be 
measured as ter as 90 foet ftom the suctioa 
hole. These resulu were suiprbiag since the 



aggrepte appeared to be some type of 'crusher 
"ui' Hf^^fxc with a certain amount of fines. 
However, ia leveliag the aggregate before 
pouring the concrete, it is probable that most of 
the fines had sifted to the lower portion of the 
aggrega 4 bed leaving a fiiirly thick area of 
large<diaffleter aggregate immediately under the 
ooacrete. It is believed that this layer of coarse 
stone enhanced pressure field extension: this 
will be studied fiirther. It appears that this one 
suction poiat will solve the problem in the 
original buildiag. If this one suction point is 
dot sufllcteat to treat the entire building, it mav 
take a second point, operated on a separate fan. 
to completety aUtipte the building. 

Since the kinderganen room is an addition, the 
subslab area does noi communicate with the 
original building. Consequently, a suction poini 
was put ia a ckwet adjacent to a restroom 
where the hot water pipei were spaced 24 
inchea apan to dear the commode's sewer line. 
A Kaaalflakt T-2 fta (rated at 140 cftn at 0.75 
inch sutie preuure) installed on this point 
towered radon levels to bekw 2 pCi/L No 
pressure field eneasiott measurements were 
made for fear of damagiag a heating water pipe. 

This school has been retested over the winter to 
determine if the SSD systems continue to 
mitigate during ooM weather conditions; results 
should be available soon. 

D.7 Conduston 

The ease of mitipting several thousand square 
feet with one SSD suction point in the older 
section of this school was an encouraging result. 
BuiMiBg B was a standard installation with two 
suctton poiatt oa each of two SSD systems. 



School Et F«IA» County. VA 

This sucoessAil school mitiption project showed 
that radoa problaos caa be aggravated by 
exhaust-oaiy veatfiattoa systems that produce 
coBtiauous aeptive preuuraa ia all rooms 
(telatlvB to the subalab area). However, it was 
also showa that, with suffideat subslab 
penaeability, SSD ^teias caa achieve successful 
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radoD miUptiOB under these advene oooditions 
of nejaUve preuure. 

E.1 School DeMriptioB 

This slab<on*gnde building is 'L«sbaped,' ind 
each wing has a central hall with classrooms on 
each side. The rooms are heated by hot water 
fin heaters along the outside walls. Each room 
had ceiling exhaust venu into a plenum over the 
rc>onu msA halU Slooe there was no supply air 
fan, the roif^mounted exhaust Cans in this 
plenum ci'jsed severe depressurization (a060 
•nch WC negative preuure) of the entire 
building, and any make'Up air entered the 
<)uildin^ only through inflltrat'on induced by the 
depressurization. 

The building was designed so that each 
classroom would be ventilated adequately only if 
one of the windows was left open. 
Unfortunately, the severe depressurizauon was 
also drawing subslab soil gas containing radon 
into the building. 

E2 Initial Radon Tests 

Tests during the fhU of 1967 in this school were 
the first to suggest that radon levels in 
classrooms varied widely from room to room, 
and that the test resulu were difllcult to predict 
from room location and conctiuction. Initially, 
charcoal screening tests were conducted in a few 
classrooms with the highest test showing 
approximately 6 pO/L Subsequent tests in all 
classrooms by the PTA showed several 
classrooms over 20 pCiA. Thetvvoend 
classrooms of the southwest wing had levels of 
22 and 17 pCi/L with three other rooms above 
4 pCi/L The southeast wing had three rooms 
with moderately elevated levels of S, 6, and 7 
pCi/L 

E3 Buildiog Ria Inspection 

The building ptaae aad spedflcatiotts called for 
4 inches of aggrefMe oader the slab. The 
foundation plans showed that the slab was 
thicker along the hall between the classrooms. 



E.4 Temporary Mitigation 

The students were movad out of the rooms with 
the highest radon levels until the problem could 
be corrected. Since there was little expcriinrc 
with school radon mitigation in Fairfax County 
at this time, it was not known how long it 
would uke to Gx the proolcn. 

E.5 Pre<MiUgation Oiagnostia 

Subslab cominuttication tests and radon tests 
were performed to locate the radon sources and 
to determine whether SSD wu a possibility. 
Radon tovels from 2S to 2000 pCi/L were found 
under the slab and were consistent with the 
loation of rooms with highest saeening 
measurements. The subslab communication was 
fbund to be good, except in the thickened area 
of the Jlab. Separate suction poinu would have 
to be placed oo each side of the haU. There 
was good ooaamoaication under the interior 
walls that ars pispsslteular to the halL This 
was craslsteat with the foundation plans that 
showed that these walto were non«load*bearing. 

E6 First-Stage Mitigation 

A number of mitiptlon strategies were 
considered, iadudiog reversal of the exhaust 
ttoi to create pressurizatlon* drilling ventilation 
holea through the walls behind the radiators to 
provide more fresh ahr, and replacing the entire 
HVAC ^steai with a positive prcssurization 
system. Before these expensive solutions were 
attempted, it was decided to try the simple 
techniquea reeommeflded by the EPA for house 
mitigatiot: eUminating depreuuriation, sealing 
ctacki, ani SSD. For eliminating 
depressurtntioB, the HVAC exhaust tans were 
tuned off and the toons were retested to 
determine if the building could be mitigated by 
simpty removfflg the ncfaL''« pressure. 
Sur|Nikngl|yi sons of the rooms were still above 
10 pO/L under these conditions. It seems that 
the lower prasaure probably reduced radon entry 
rates, but it also reduced the entry of fresh air 
that was diluting the ladon. 
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E.7 Seoood-Stcfe Miti|ttion 

The rooms with the Ufbesi radoa levels we^e 
found 10 have cncki bet««en the floor and wall 
">at varied from to i inch wide. These cracks 
were careAilly seaJed and rctesting of the room 
mdicated a reduction of radon levels from 0 to 
50 percent. 

It is not unusual to get marginal mitigation 
resultt from crack sealing in houses. This is 
thought to be due to the difficulty in sealing all 
the radon entry routes such u porous hollow 
block walls. In addition, the radon levels often 
build up behind effective sealants, so that any 
unsealed leaks may provide more radon. 

EA Third*Suge Mitiption 

Substab suaion poinu were put in the two end 
rooms of the southwesi wing. The subsiab 
sucUon points were manifolded overhead and 
connected to one Kanalflakt OD-9 hn (rated at 
310 cftn at 0.7S-inch sutic pressure). Subsiab 
excavation revealed that the aggregate wu 
present and thai It did not have significant fine 
material that would impede air flow. With this 
SSD system in operation there was good 
pressure field octension to at least three rooms 
on each side t the halL In additiott. aU of the 
floor-to.waU joints were careftUfy sealed in aU of 
the rooms of both wings. Following sealing and 
insullation of the two suction points, all of the 
rooms in both winp tested below 4 pCi/L. 

E.9 Fourth-Stage Mltiptioa 

During December 1988, shon-term tats 
revealed that radon levels wtst again above 4 
pCi/L (dapite the previous seeling work^ in the 
southeast wing that dM act have aa SSD 
instaUed. Altho«|||loa|cr temteeti indicated 
that the long^em awMafei ^ below 4 pCi/U 
school perMaael dacMad to iastaU aa SSD 
system in this wfaf. His worie has been 
completed, aod all dassiooBH are below 4 
pCi/L 

ElO Conclusion 

Mitigation of this school showed that, since 
subsiab permeability was good, SSD was 



appUcable despite the large size and complex 
venUlation system. SeaUng and the reduction oi 
depressurization were marginaUy effective, but 
SSD was very effective despite the 
depressurization of the buUdInc by the HVac 
ejOuust&ns. 



School Ft WMhiiitiu^ rmrrt MP 

This ongoing, initially unsuccessful school 
miUgaiion projea shows that misukes can be 
made MSily in selecting an Appropriate radon 
miUpUon method. In this case, an attempt to 
use SSD to overcome substab return air duct 
tealMge wu a tSiilure; a more expensive solution 
will probably be nncessaiy. 

F.l Initial Radon Testt 

In April 1988, 39 charcoal anister radon tests 
showed that 28 were above 4 pCi/L, 8 were 
above 8 pCI/L, and none were above 20 pCi/L. 
All of the screening and confirmation tests were 
made when the building was unoccupied and the 
HVAC system was turned off: 

F.2 Building Ptan Inspection 

The original school was buUt in 1954. and 
additions were made in 1964. Both are 
stabK>n-frade construction. TTie additions have 
an HVAC system with return air ducts that are 
underneath the stab. The foundation plans and 
spedflcations caU for 4 inches of aggregate 
under the stabs. 

F3 PrC'Mitiptlon Dtagnostia 

Radon grab samples showed about 20 pCi/L in 
the HVAC supply air when the system was 
turned oa. TIUs iadlcated that the t«tum air 
ducts uader the stab were drawing in soil gas 
and redicatatiag it through the school Subsiab 
pressure mcasureaents indiated a pressure fleld 
that nnged from 0.1- to U.OOMach WC of 
negathie pressure. Hie targest pressures were 
nearest the retura air exhaust vent that went up 
to the roof mounted ftm system. These 
measuremeats suggested that if a SSD system 
were iastaUed which would produce a targer 
oompetiag pressure under the stab, the soil gas 
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could aoi enter the cnclB in the return air 
pipes. 

F.4 Flnt-5U|e MlU|itlon 

A Kanalflakt 0V9 ftin was mounted on the 
roof, oooneeted by a 6-incli nuuiUbld pipe to 
two 4.tnch diameter pipea. Suction points tor 
tliese smaller pipes were drilled Uu)u|h the slab 
near the return exhaust stack in order to 
maxifflize the suction where diapostics had 
indicated that the return air subalab suction was 
the highest These slab penetnitions unooverad 
good aggregate without exoeuive fine materiaL 

However, it soon became obvloua that this SSD 
system could not overcome radon entiy into the 
return air ducts. The diagnostic measurements 
of the return air pressure field had been made 
through holes driUed through the slab and not 
through holes drilled through the actual return 
air pipe under the slab. When this pipe was 
exposed through the holes driUed fbr the 4.inch 
pipe, pressure measuremenu showed O.S'inch 
WC inside the pipe. Tlie diagnostics had 
confused the small subslab negative pressure 
that wtt aused by duct leakage with the much 
larger negative pressure in the pipe. Iiisveiy 
unlikely that a SSD system oouM realistically 
depressurize all areas of the 9!ab to a level 
(approximately O.S>inch WC in this case) that 
would be required to prevent soii gas from 
entering any cracks in the pipe. Subsequent 
radon tests indicated that the installed system 
had a negligible effea on the ndon levels in 
the schooL 

Conclusion 

Schools with svbaiJb HVAC ductwork create a 
major problem that may raqoiie as alternative 
mitigation approMfe 10 SSD. Although it is 
generally a |ood M« to tiy a simpio, 
inexpensiva aitlpiloi teduiqw befDit trying 
the more ooopla aai apeaslve techniques, 
there should be soot eaqie ri enc e or theory that 
provides some confMeaoe that the technique 
will work, 

A new overhead air-rettim system is now being 
installed in this school, and foUow up diapostic 
measurements are plaiuel 



School Gx ArilMte, CiMHt^. 

This suGcessfktl school mitigsUon project showed 
that schools with ninor radon problems in a 
few rooms may be mitigated by crack sealino or 
conwsion of HVAC imbalances. However. It is 
unlikely that these measures would be effective 
fot radon levels significantly over 8 pCi/L since 
reductions fitom these approaches are usually 
about SO peroeaL 

0.1 School Descriptioii 

Half of this older school buUdiag is one-story 
slab^n-grade; the other half Is two-story with a 
walk^wt basement The walU are constructed 
of hoUow blocks and the exterior of the school 
is brick veneer. Hie HVAC system combines 
unit ventiUton with a siagle-bn air handling 
system with overhead duct work. 

Q2 Initial Radon Testa 

Initial and foUow-up charcoal canister tests 
showed only two baseneat rooms between 4 
and 8 pCl/L All other rooms were below 4 
pCi/L Hie measureneats were made during 
uooocupied periods. 

G J Walk-Tluough Building Inspection 

TTie HVAC supply veat in one of the problem 
rooms was found to be inoperative and the 
other room was fouad to h«ve a 1/2-inch wide 
building e^paaskMi crack that was loosely 
oovered by baseboard moldiag. 

0.4 Pre-Miti(atk)B Diagnostio 

Subslab radoa levels of SOO to 1000 pCi/L were 
measund in the basement area. A negative 
pressure in the room with the iaoperaUve 
supp^ vent coiUd be detected by air movement 
into the rooa when the HVAC fhn was 
operating. 

0.S Flist-Stafe Mitiptioa 

An HVAC eoatracior was called in to oorrea 
the HVAC supper daet problem, and the 
building separatkM ciack was sealed with a 
poarable po^yuithaae caulk. After these 
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miliptioB efforts were oompieie, oontinuoiu 
radon moaitorlBg tad ihort«tem durcotl tesu 
Showed Uut the raon with supply vent 
problenu wm Mow 2 pO/L, but the room with 
the building leptiitioa cnek ttiU hsd daily 
peaks above 4 pOL lumber eaoiittation of 
the slab in tUi room showed an additional % 
inch wide and 30.foot long crack between the 
floor and the wall underneath a unit ventilator 
system along one wall. 

G.6 Second-Stage Mitlption 

The unit ventilator ooven in the remaining 
problem room were removed to pin access to 
the crack and pourablc polyureihane caulk was 
used to seal IL Continuous monitoring and 
charcoal canister tesu showed that the radon 
levels were now consistently below 4 pCi/L 
Both problem rooms will be retested over the 
winter to determine if the mitigation continues 
to be effeaive. 

G.7 Conclusion 

When radon levels are sUghtly elevated (less 
than 8 pO/L), then mitiption solutions such as 
cnck sealing and eliminatioa of gross HVAC 
depressurizatlon may be effective. However, in 
many cases these teehaiquec &U to reduce radon 
levels by as much u SO percent, and tiie 
problem may recur duriiig the winter. Sealing 
may not be veiy effective because many enuy 
routes such as porous hoUow block walls are 
hard to seal Effective sealing ctusea a higher 
concentration of radon to build ud behind Uie 
seal so that thti tnt reflBaiaiag entry routes may 
leak soil gas with higher ndon concentrations. 
When HVAC depretiuiiation is eliminated, 
there is stiU a slight depnsiuriaUon of the 
upper surface of the slab due to the buoyancy 
of warmer air ii tfet hiildiBg (natural stack 
effea). The sMit eOKiive and dependable 
mitiption tprmipii rely on poaitive 
pressurizatioa ahoit the slab, or neptive 
pressurizatioa beaetth the slab. 



School Bt Wfhiii^teii Cmiht, Mff 

Hiis ongoing school mitiption projea is 
attempting to mitipte a combination 



crawl-spaocAlab-on-grede school. A larse 
exhaust ten has been insuUed in the crawl space 
and the radon leveU in the crawl space and ihe 
buUding have been sUghUy reduced. Future 
plans cau for iocreared air sealing of the crawl 
space, reteating of the prcuure and radon levels, 
evaluation of tiie mitiption effecu of the 
HVAC system, and InstaUation of a subslab 

i!?2!"2!?? slabH>n.grade seciioit 

or tne scaooL 

H.1 School Description 

Half of this single story building is over a crawl 
space and the other half is slabH)n.grade. The 
HVAC system is a single-din system with 
overhMd duct work. The exterior of the school 
IS brick veneer. All exterior entrances to the 
crawl space appear to be sealed. 

H.2 Initial Radon Tests 

to April 1988. 3S charcoal canister radon tests 
showed that 34 were above 4 pCi/L, is were 
above 8 pCI/L, and I was above 20 pClL (235 
pCI/L). The radon levels were pneralty higher 
in Uie roofflf over Uie crawl space. All of the 
screening and conflrmation tesu were made 
when the building wu unoccupied and the 
HVAC system was turned otL 

HJ BuiMing Plan Inspection 

The original school, which is approiifflately 
ISOm square feet in area, was buUt in 1936 
over a crawl apace, to 1967 a sUib-on-grade 
addition was built onto two sides of the old 
buikUng. The crawl spaa has a din floor and 
the wooden floor Joistt rest on a maze of 
masoniy walls. Hie foundation plans and 
spedllcatioas for the stob call for 4 inches of 
aggrepte under the slabs. The addition was 
constructed so tiut its floor would be at the 
same level as tiM crawl space floor. Retaining 
walls were built and shale flU wu used to raise 
tiM level 

R4 Walk-Throup Buildtog tospection 

The crawl space is accessible dirougb hatches in 
tiie floor, but the crawl space size and maze of 
support walls do not appear to offer good 
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acGCH tor laying down • ground cover for 
submeoibrue dcpranuriatiott (SMD). u is 
often done In booM bnllt over crnwl spices. 
Some plumbing pipn ue in Uw cnwl space and 
alt exterior vcnu appear to have been sealed for 
security and to prevent the pipes from freezing. 

H.5 Pre-Mltigation Diapostia 

Since there is UtUe eiperlenoe with radon 
mitigation of large crawl ipacei, there are no 
guideUnei for diagnoitic analysis. Blower door 
testing of the crawl space was considered, but 
the installation of a 500 cfin cihaust hn wu 
simpler to evaluate. Radon grab samples uken 
before the fUn installation showed about 30 
pCi/L in the crawl space. 

H.6 First*Suge Mitigation 

A Kanalflakt GV9 Can was mounted on one of 
the wooden panels that covered the crawl space 
vents. This fan can move SlO cftn at 0.0 
pressure. It was mounted so that it would 
exi.aust air from the crawl space. No crawl 
space sealing was done before evaluatton of the 
system's performance. 

The Cans were turned off Ofver the Christinas 
holiday weekend, and continuous radon 
monitors were placed in the crawl space and the 
main office to determine if the crawl space 
exhaust Can was reducing the radon. Hie 
monitoring showed that the crawl space leveb 
dropped slightly when the fha was nmaing. In 
addiUon, the office radon seemed to be weU 
below 4 pCi/L when school was la session and 
the HVAC fans were operaiia^ Presaun 
differontials in the crawl space did not change 
measurably (less thaa aoOl inch WQ due to 
crawl space eadtaast flaa opeiatkM. Calculations 



of these resulu estimate that there is at least 10 
square feet of leakage in the crawl space 
envelope. 

R7 Seooad-Suge Mitigation 

The school wiU be retested with the HVAC 
system operating to detennine the mitigation 
effea If the HVAC system induces a positive 
pressure in aU parts of the buUding, then the 
radon problems nay be mitigated whUe the 
HVAC fens are operating. Further investigation 
wlU be required to detennine if the HVAC 
mitigation can be relied on under all operating 
conditions, and whether there is a remaining 
radon exposure problem to those who use the 
school outside of nornul operating hours when 
the HVAC Cans are off. The crawl space 
exhjust fen seems to be lowering the radon 
leveb sUghUy. but it does not seem to be 
creating much of a pressure barrier to prevent 
sou gaa from moving into Uie building. To 
increase the depresiurfzation. several large holes 
between the crawl space and the boiler room 
WiU be sealed. 

A SSD system wUl be instaUed in the 
slab<on-gnde pan of tiie schooL This system 
WiU be mounted extemaUy by dilUing a 6.inch 
diameter hole in Uie retaining waU. Just below 
the slab level A Kanalflakt T3B in-line fen will 
be mounted on a d-inch suck that exhausu 
above roof level 

H.8 Conclusion 

Several mora mitigation suges are anticipated in 
order to obtain aa elfoctive radon mitigation 
system for titis complex school The final 
mitigation system wUl probably combine a 
number of methods due to the school's complex 
substruaure. 
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APPENDIX C: STATE RADON OFHCES AND EPA REGIONAL 
RADIATION PROGRAM OFHCES 



Cl STATE RADON OFnCES 

RadiologiGal Health Branch 
Alabama Departneot of Public Health 
State OfTtce Building 
Montgomery. AL 36130 
(205) 261.5313 

Alaska DepL of Health and Sodal Services 
P.O. Box H-06F 
Juneau, AK 998114613 
(907) 5864106 

Arizona Radiation Regulatory Agency 

4814 South 40th Street 
Phoenix. AZ 85040 
(602) 255.4845 

Div. of Radiation Control and Emergency 
Management 

Arkansas Department of Health 

4815 Markham Street 
Little Rock, AR 72205-3867 
(501) 661-2301 

Indoor Quality Program 

California Depanment of Health Services 

2151 Berkeley Way 

Berkeley, CA 94704 

(415) 540-2134 

Radiation Control Division 
Colorado DepartflMnt of Health 
4210 East nth Avenue 
Denver, CO 80220 
(303) 331-4812 

Conaecticttt Deptnant of Health Services 
Toxic Haaids Sactfot 
150 WashittflOB tttwi 
Hartford, CT OSIOI 
(203) 566-3122 

Diviston of Public Health 

Delaware Bureau of Environmental Health 

P.O. Boot 637 

Dover, DE 19903 

(302) 7364731 



DC DepL of Consumer and Regulatory Affairs 
614 H Street, NW. Room 1014 
Washington, DC 20001 
(202) 727-7728 

HRS OOloe of Radiation Control/Radon 
1317 Wirewocd Boulevard 
Tallahassee, FL 32399-0701 
(904) 488-1525 

(800) 543-8279 (Consumer inquiries only) 

Georgia Dept of Natural Resources 

Environmental Protection Division 

205 Butler Street, NE 

Floyd Towers East, Suite 1166 

Atlanta, OA 30334 

(404)6564905 

Environmental Protection and Health Seivices 
Division 

Hawaii Department of Health 
591 Ala Moana Boulevard 
Honolulu, HI 96813 
(806)5484383 

Bureau of Preventive Medicine 
450 West State Street 
Fourth Floor 
Boise, ID 83720 
(206) 334-5927 

Illinois Depanisieat of Nuclear Safety 
Illinois Sttte Board of Health 
301 Knotts Street 
Springfield, IL 62703 
(217) 7864399 
(800) 225-1245 

Dhdsfon of Industrial Hygiene and Radiological 
Health 

Indiana Sute Board of Health 
1330 W. Michigan Street 
P.O. Boi 1964 
Indianapolis, IN 46206-1964 
(800) 272.9723 
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Bureau of Esvtrouneatal Health 
Iowa Depanoeu of Public Health 
Lueu Suit Oflloi Buildlof 
Oei MolBCf, lA 509194)073 
(800 38^S99^ 

Bureau of Air Quality and RadlaUon Control 
Attention: Radon 
Forbes Field, Building 740 
Topeiea. KS 666204110 
(913) 296-1560 

Radiation Control Branch 
Cabinet for Human Resources 
275 East Main Street 
Frankfort, KY 40621 
(S02) 564.3700 

Louisiana Nuclear Energy Division 
P.O. Box 14690 
Baton Rouge. LA 70898^4690 
(504) 925-4518 

Division of Health Engineering 
Maine Department of Human Services 
State House Station 10 
Augusta, ME 04333 
(207) 289.3826 

Division of Radiation Control 

Maiytand Dept. of Health and Mental Hygiene 

201 W. Pi«ston Street 

Baltimore, MD 21201 

(301) 631-3300 

(800) 872*3666 

Radiation Control Program 

Massachusetts Department of Public Health 

23 Seivloe Center 

Northhampton, MA 01060 

(413) 586.7525 

(617) 7274214 (BoMM) 



of Public Health 
Health 



Section of Radiation Control 

Mlaaesou Department of Health 

P.O. Box 9441 

717 SE Delaware Street 

Minneapolis, MN 55440 

(612) 623.5348 

(800) 652.9747 

Division of Radiological Health 
Mtasisiippi Depanment of Health 
P.O. Box 1700 
JackMn, MS 39125-1700 
(601) 3544657 

Bureau of Radiological Health 
Missouri Depanment of Health 
1730 E Elm, P.O. Box 570 
Jeffenoa aty, MO 65102 
(800) 669.7236 (Missouri only) 

Occupational Health Bureau 

Montana Dept. of Health and Environmental 

^^-^ 



Michigan 
Division of 
3500 North Lo|M 
P.O. Box 30035 
Lansing, MI 48909 
(517) 3354190 



CogiweU Building A113 
Helena, MT 59620 
(406) 444-3671 

Division of Radiological Health 
Nebraska Department of Health 
301 Centennial Mall South 
P.O. Box 95007 
Lincoln, NE 68509-5007 
(402) 471-2168 

Radiologtcal Health Section 
Health Diviskm 

Nevada Department of Human Resources 
505 East lOng Street, Room 203 
CarK>a aty, NV 89710 
(702) 885-5394 

New Hampshire Radiotogical Health Program 
Health and WeUhre BuUding 
6 Hazen Drive 
Concord, NH 030014527 
(603) 271-4588 
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New Jerwy Dept of Eavironmenul Protection 
380 Sootch Ro&it QiAH 
Trenton. NJ 0862S 

(609) 330^(000/4001 or (800) 6484394 (in sute) 
or (201) 879-2062 (Northern NJ Radon Field 
OfRce) 

New Modco Environmental Improvement Div. 

Community Services Bureau 

1190 Sl Frands Drive 

Harold Runnels Building 

Sanu Fe, NM 87503 

(50S) 827.2948 

Bureau of Environmental Radiation Protection 
New York State Health Department 
2 University Place 
Albany, NY 12203 

(800) 342-3722 (NY Energy Research A 
Development Authority) 

Radiation Protealon Section 

North Carolina Depanment of Human 

Resources 

701 Barbour Drive 

Ra!ei|h, NC 27603-2008 

(919) 733-4283 

Division of Environmental Engineering 

North Dakota Depanment of Health and 

Consolidated Laboratoiy 

Missouri Office Building 

1200 Missouri Avenue, Room 304 

P.O. Boi SS20 

Bismarck, ND 58S02-5520 

(701) 224-2348 

Radlologicil Health Program 
Ohio Department of Health 
1224 Klnnear Roid, Suite 120 
Columbus, OH 43212 
(614) 644-2727 or 
(800)S23-4439(l»«iltoo|y) 

Radiatloa and SpmM Kiards Service 
Oklahoma Siatt Dipirvaeit of Health 
P.O. Baai53S51 
Oklahoma aiy, OK 73142 
(40S) 271-S221 



Oregon Sute Health Department 
1400 S.W. Sth Avenue 
PortUnd. OR 97201 
(S03) 229-5797 

Bureau of Radiation Protection 

Pennsylvania Department of Environmental 

Resources 

P.O. Boi 2063 

Harrisburg. PA 17120 

(717) 787-2480 or 

(800) 237-2366 (in state only) 

Puerto Rico Radiologicril Health Division 
O.P.O. CaU Boi 70184 
Rio Piedras, PR 00936 
(809) 767-3563 

Division of Occupational Health and Radiation 
Control 

Rhode bland Department of Health 
206 Cannon Building 
75 Davis Street 
Providence, RI 02908 
(401) 277-2438 

Bureau of Radiological Health 

South Carolina Department of Health and 

Environmental Control 

2600 Bull Street 

Columbia, SC 29201 

(803) 7344700/4631 

OfBce of Air Quality and Solid Waste 

South Dakota Department of Water and 

Natural Resources 

Joe FoM BuiMiag, Room 416 

523 E Capital 

Pierre, SD 57501-3181 

(605) 773-3153 

Divistoa of Air Pollution Control 
Custom House 
701 Broadway 
Nashville, TN 37219-5403 
(615) 7414634 

Bureau of Radiatk» Control 
Teas Department of Health 
1100 West 49th Street 
Austin, IX 78756-3189 
(512) 835-7000 
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Division of Esvirosffleoul Health 

Bureau of Radiatioa Cbatioi 

288 Sonh 1460 9fm 

P.O. Box 16690 

Salt Lake City. UT 8411M690 

(801) 538^734 

DivUton of Occupational and Radiototicai 
Health 

Vermont Department of Health 
AdminlitraUon Buildini 
10 Baldwlo Street 
MontpeUer. VT 0S602 

(802) 828-2886 

Bureau of Radiolofical Health 
Oepanmeat of Health 
109 Governor Street 
Richmond, VA 23219 
(804) 786-3932 or 
(800) 4684)318 (in sute) 

Environmental Protection Section 
Washinftoa Offlce of Radiation Protection 
Hiunton Airduitrial Center 
Building 5, LE-IS 
Olympia, WA 98504 
(206) 753-3962 

Radon Hotline (800) 323.9727 



Industrial Hyiiene Division 

West Virginia Department of Health 

151 nth Avenue 

South Charleston. WV 23303 

(304) 348-35260427 

(800) 922-1255 

Division of Health 

Section of Radiation Protection 

Wisconsin Departmem of Health and Social 

Seivioes 

5708 Odaca Road 
Madison, WI 53719 
(606) 273^21 

RadiologicBl Health Services 

Wyoming Department of Health and Social 

Services 

Hathway Building, 4th Floor 
Cheyenne, WY 82002-0710 
(307) 777-7956 
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C2 EPA REGIONAL OFHCES 



1 



BBvironffieotal Protection Agency 
APT.2311 

John P. Kennedy Federal Building 
Boston, MA 02003 
(617) 565-3234 



Connecticttt, Maine. Massachusetts. 
New Hampshire, Rhode Island, 
Vermont 



2 U.S. Environmental Protection Agency New Jersey, New York, Puerto Rico. 

2AWM:RAD Virgin IsUnds 

26 Federal Piaza 
New York. NY 10278 
(212) 264-4418 



3 U.S. Environmenul Protection Agency 

3AM12 

841 Chestnut Street 
Philadelphia. PA 19107 
(215) 597^20 



Delaware, Dlstria of Columbia, 
Maryland, Pennsylvania. Virginia, 
West VUginia 



4 U.S. Environmenul Proteaion Agency 

345 Courtland Street. N.E 
AUanta. OA 30365 
(404)347-3907 



Alabama, Florida, Georgia, Kentucky, 
Mississippi, North Carolin«, South 
Carolina. Tennessee 



5 U.S. Environmental Protection Agency minois, Indiana, Michigan. 

5AR-26 Minnesota. Ohio, Wisconsin 

230 South Dearborn Street 

Chicago, IL 60604 

(800) 572-2515 (Illinois) 

(800) 621-8431 (other sutes in region) 



U.S. EavirOBineaul Protection Agency 

144S Rofts Avenue 
Olllas. TX 7S202-2733 
(214) 65S.720e 



U.S. Eovironmeattl Proteaion Agency 
726 Mionesott Avenue 
Kansas City, KS 66101 
(913) 236-2893 

U.S. Enviroiuneaut Proiectton Agency 
8HWM-RP 

999 18th Street, Suite 500 
Denver, CO 80202-2405 
(303) 293-1709 

U.S. Environmental Protection Agency 
A-1-1 

215 Fremont Street 
San r*ranctsco. CA 94105 
(415) 974-8378 

U. S. Environmental Protection Agency 
AT-082 

1200 Sixth Avenue 
Se-iltie, WA 98101 
(206) 442-7660 



Arkansas, Louisiana, New Mexico, 
Oklahoma. Texas 



Iowa. Kansas, Missouri, Nebraska 



Colorado. Monuna, North Dakota. 
South Dakoui, Utah. Wyoming 



American Samoa, Arizona. California. 
Guam. Hawaii, Nevada 



Alaska, Idaho, Oregon, Washington 
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